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ABSTRACT |

This research is a study of the performance of U.S. Army voice
circuits in the transitional DoD telecommunications system of the 1980's,
Transmission, switching, and user terminal facilities will be converted
from analog to digital operation during the next two decades. Voice
circuits during the transition will be composed of various tandem (series)
connections of pulse code modulation (PcM), continuously variable slope
delta (CVSD) and vocoder links.

The purpose of the research is to determine if the system design
for the 1980's results in isolated pairs of users. The approach is to
examine the technical characteristics of digital voice links, to.consider
the system plans of the Services and DoD Agencles, to evaluate the mode
of interoperability at the boundaries which join the several regions of
the overall DoD system, and to analyze the signal-to-noise ratio (SNR)
performance of tandem-link circuits within the U.S. Army systenm,

The study concludes that some isolated pairs of users will exist
in the transitional system, but the occurrence of isolated pairs of users
may be minimized by providing digital transmission paths to directly inter-
connect communities of 16 kB/s subscribers. The system designs for the
U.S. Army System and the overall DoD System include workable interoper-
ability soiutions. By managing the transition in an enlightened manner,
the reliability of secure voice communications may be enhanced and the
operational capability to satisfy new data communications needlines may
be increased,

The principel recommendation of -the study 1s ‘that the occurrence -

of tandeming of voice links should be minimized,
i11
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ALALOG £:D DIGITAL VCICE “OKKUYICATIOI

The recearch repcrted in this thesis is dire c+ed var“ the
troed goel of improving T.S. Army voice co::un*catlons systers, DoD
conra.icrtioné systems zre beginning an evolutiona*y trensition from
rredormiretely analcs systens to preﬁonin¢be1 digital systems. The
‘gdals include ecorcery, widespread security, 2nd exparded cepability
to meet the groving datz communicztions needs. The iraisition is
conceived as gvolutionary change over & span of two decales, Zut
the trensition involves revolutionéry chenge in‘sjster desizu, doe-
trine,_and o;eraticnal concerts.

| The en,loyne it of conmunications circuit° thet zve tendem
vconnect;ons of digitzl voice'links.(i.e;, series links) is essential
to‘maihfaih éont;nﬁity of user services during the transitioﬁa But
the engiﬁeering ahalytical and experimental hasis for decsign of &
network with flexible use o' tandem_links in verious circuiirpaths is
incomplete. The tanden links in 2 "circuit chein® during the 1930'5
jinclude analog‘links,Aand the foiloking digital links which employ
digital vbice converterﬁ: (1) pulSe code modulation, (2) delte
modulation,‘and (3) vocoder ligks; (The vocoder, voice-coder, is
the common namé for digital voice converters thatvgéin transnission
econony by decomposing speech into excitation and vocal-tract com-
| pdnents.)
In Chapter 1 we consider some techniczl aspects of voice

communications to establish the basis for the system level problem

(TR U




of tandem links. The nature of the speech signal is discussed and methods
of analog and digital transmission are surveyed,

In Chapter 2 we review the impoxrtance of secure voice service as a
capability of DoD systems and summarize the planning-context and tandem-link
aspects of the transition to a digital system. A comparison of the perfor~
mance of digital and analog voice links leads to an expanded statement of
the key problem that is the focus of this research, The purpose of this
research is to determine if the U.S. Army tactical communicatiodns system
design for the 1980's includes isolated subscribers. The focus of the
study 1s the performance of voice circults of digital voice links connected
in series.

In Chapter 3 we examine the digital communications system plans of
the U.S. Army and other mutué.lly-dependent sogments of the total DoD systes.
The discussion includes an examination of the TRI-TAC Architecture, the
Integrated Tactical Communications Systems (INTACS) Study, and other sys-
tems such as the World Wide Military Command and Control System (WWMCCS),
the Defense Communications System (DCS), and the U.S. Navy System.- |

An analysis of interoperability between systems in the DoD leads
to the broad conclusion that the overall system is converging toward a conm-
mon target. No serious limitation of operational capability is inherent in
the system level designs. Sultable interoperability solutions are being
planned.

In Chapter 4 we examine a model of the 1980's transitional system
in more detall, to include tandem links. internal to the U.S. Army portion‘
of the system. The available experimental and analytical results which
describe the performance of digital voice links are surveyed. An analysis
is performed to estimate the signal to noise ratio (SNR) performance of
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tactical circuits of up t.o”five' tandem 1links,

In Chapter 5 the conclusions and recommendations of the study are
given. The study concludes that some isolated pairs of users will exist
in the transitional system of the 1980's, but the occurrence of isolated
pairs of subscribers may be minimized by providing digital transmission
paths to directly interconnect commmnities of 16 kB/s users. The systen
designs for the U.,S. Army System and the overall DoD System include. work-
able interoperability solutions. By managing the transition in an en-
lightened manner, the reliability of secure voice communications nay be “
enhanced and the operational capability to satisfy new data communications
needlines may be increased. Chapter 5 includes a brief summary of the

-

study.

PROTEICTIVE MARKING
The "For Official Use Only" protective marking on the pages of
this thesis is applied due to the protective markings on six of the refer-
ences clted, In particular the Bibliography entries numbered 5, 8, 20, 26,
27, and 28 possess protective markings, ﬁo protectlive marking is applied
to the A‘t;strac*. on page iii., (The Abstract is approved for public release;
distribution unlimited.)




INTRODUCTION

In this initial chapter we examine the technical characteris-
tles of various analog and digital voice 1links that will be employed
in future systems. The nature of the voice signal is addressed in the
first section by examining speech production, a simple model, and spec-
trum analysis. Analog transmission is the topic of the second section.

The third and most important section reports an examination of
digital transmission of speech., Pulse code modulation (PCH), delta
modulation (DM), and the vocoder axe considered. The chapter concludes

with a summary.

NATURE OF THE VOICE SIGNAL 1
The puipose of a volce communication system is to conves; the
. voice signal from subscriber-to-subscrider in such a manner that the
listener may understand the spoken words and perceive the subjective
quality of the talker's speech.’ The thrust of voice commnications
system planning is to devise and implement efficient methods to convey
an intelligible representation of the voice signal. PFoxr these Treasons,
our study begins with an examination of the nature of the voicé signal,

Speech Production 3
The human voice signal is an acoustic waveform produced dy the

interaction of the articulation of the vocal tract with the excitation
of rushing air from the lungs. We examine the distinct functions of
excitatlon and vocal-tract articulation to seek insight intoc the nature

of the volce signal.

. Excitation. Human speech originates in the larynx -- a box-
like structure of cartilage at the upper end of the trachea., The larynxx
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houses two lips of ligament and muscle called the vocal cords, The
opening velween the vocal cords is called the glottis,

Voiced speech is produced by forcing alr through the glottis
while the vocal cords are held under tension. The glottis vibrates
open and shut generating a quasi-periodic flow of air -- a pulse train
acoustic time function rich in harmonics. The fundamental frequency
of the vocal cord oscillation is called the voice pitch.

Unvoiced specch is produced by a turbulent flow of air past a
constriction in the voeal tract, or by a release of pressure at some
point of closure in the tract, Unvolced excitation is an acoustic‘
noise source, a signal with a broad spectrum.

The "a" in the word "fzther" is an example of voiced speech,
The "s" in the word "gee” is wivcoiced, Several sounds are generated
with o combination of both volced and unvoiced excitation; an example
is *f{he "z" in "zoo."

A key observation about the excitatincn signal is that it is
broad-band, That is, the sigral has energy spread over a wide interval

of frequency; The Fourier amplitude spectrun of the sxcitation signal

would reveal a spread of energy from less than 100 Hz to more than 10 kHz.

The broad-band excitation signal may te compared to the carrier
signal in radio communication. In radio, +he message is modulated onto
the carrler. In humen speech, ths message is imposed upon the excita-

tlon signal by the axrticulation of the vocal tract.

Yocal tract. The message the talker wanis to convey is imposed
on the excliation signal by the changes in position of the tongue, lips,
and other moving parts of the tract, These moving parts are called ar-
ticulatoxrs and their activity in creating the spoken language is called

articulation. During c.rticula,tion the vocal.cavity assumes different
_mr?‘lﬂlll llﬁ’ niui'\l




Positious causing resonances in the tract whick alter the spectrum of
the excitatlon signal. Thus, the differences between sounds perceived
by a humen listener depend upon both the excitation and vocal-tract
ariiculation of the talker. The different sounds of speech are called
Phonenes,

Phoriemes. The phoneme ls the smallest unit of speech that dis-
tinguishes one utterance from another. General American English has
asbout 42 phonemes., VYe may think of the set of rhonenes as a code, un-
iquely related to the articulatory gestures of the language.

The vowel sounds of speech are produced by voiced excitation
of the vocal tract (e.g., the "a" in "father™), In normal articulat-
ion the tract is held in a relatively stable position during the pro-
duction of a vowel sound. Vowels usually have a duration of 60 to 200
msec.  The vowel phonemes may be uitered as sustained sounds, requiring
no articulatory motion.

Aside from the vowels, the remaining rhonemes axre referved to
as consonants, some of which are more transitory in nature. Fricative
consonants are produced by nolsa~like excitation of the vocal tract
caused by turbulent air flow at a constriction. The vocal-cord sowurce
may operate in conjunction with the noise source to produce a voiced
fricative (e.g., the "z" in “goo").

Stop consonants are produced by the abrupt release of pressure
at 2 place of closure in the tract (e.g., the "t" in "4o"). The axti-
culatory movements which generate stop consonants are more rapid than
for other sounds. Stops may be voiced or unvolced,

The remalning consonants are classified as nasals, glides, semi-
vowels, diphthongs, and affricatéss Further insight into the nature

of vowels and consonants may be galned by examining typical waveforms.



Typical waveforms. The waveforms of two phonemes (spoken oy

a ferale talker) are chown in Figure 1. Bach plot illustrates the
waveforn of a 51.2 msec segment of conversational speech. The sczle
on the abscissa is 12 msec/inch, and scale marks are spaced at 5 msec
intervals. The stop consonant "t" in "Gift 1s" is shown in Part (a).
The closure portion of the "t" lastis about 40 msec. The silence of clo-
sure is followed by a burst, signaling the release of pressure at the
closure. The burst response decays with roughly exponential envelope
to a low level aspirated noise., (To aspirate is to pronounce with &
breathing, as in the fricative “h" in "he".) The burst decays in 10
msec, while the following aspiration lasts about 20 msec before the
buildup of the vowel "i" in “gift 1s". A 51.2 msec segment of the vo-
wel "i" is shown in Part (b). The last 5 nsec of the aspirated noise
is displayed at the extreme left. Voicing begins with a pitch of ap-
proximately 185 Hz, and within about 15 msec the waveform displays the
stationary character of a sustained vowel., The maximum amplitude of
the vowel in Part (b) is five times that of the stop consonant in

Part (a). b

Hotlce the noise-like nature of the unvoiced stop consonant in
Part (a). In contrast, the vovel in Part (b) is stationary over amn in-
terval, and is almost periodic., The periodic segments repeat at 5.4
msec intervals. (The reciprocal of the 5.4 msec pulse interval yields
the pitch frequency, 185 Hz.)

In summary, we conclude that excitation and vocal tract articu-
lation are the two distinct functions in the production of humsn speeckh.
This simple view of speech production motivates a model that is widely
used in analysis - synthesis devices which communicate the human voice

signal In an efficient manner.




(a)

(b)
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Pigure 1. Typical Speech Waveforms (Female Talker)
. (a) The Stop Consonsnt "t" in *gift is,
(v) The Vowel "i* in “gift is"
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The Simplified Model

The speech waveform may e decomposed inio excitation and vocal
tract components. Such decomposition is the centrsl strategy of nearly
every speech anzlysis-synthesis system, The strategy was conceived by
dower Dudley at the Bell Telephone laboratories and incorporated into
his invention of the chamel vocoder in 1939. 5 Speechi bandwidth reduc-
tion {cr data rate reduction) research during the last three decades
has been dominated by the intuitive strategy ploneered by Dudley,

The speech signal may bYe viewed as a response of a linear sys-
tem (the vocal tract "filter") to one or more sound sources (i.e., the
excitation). This statement is the essence of the acoustic theory of

7z
speech production described by Gunnar Fant, © During a volced sound,

‘a periodic pulse-train excitation signal e(t) is the input to the lin-

ear time-invarient vocal-iract filter which has impulse response v(t).

The resulting speech waveform s(t) is the convolution of e(t) with v(t). ’

s(ty=e®) ®vlt) = | e v(@-v)dvy

J. (1-1)

In this simplified model, unvoiced sounds are assumed to be
yroduced in the same fashion, except that e(t) is considered to have
the character of stationary random-noise.

The word "stationary” applies to the three assumptions of the
model: (1) ¥™(t) is the impulse response of a time-invarient filter
(1.e., the articulators are not moving); (2) For unvoiced sounds, e(t)
is considered to be a stationary random process; (3) For voiced sounds,
e(t) is periodic.

The articulatory gestures in speech production are relatively




i

ton
[

slow -~ compared tc a pitch period -- so we may think of ihe speech
wevefors as being constructed of short segments, each segment corres-
ponding to a fixeé vocal—lffact configuration. The motion of the a:rfi-
culators is contlinuous, so the simplified model may be used for success-
ive short segments durliung which only incremental movement of the tract
OCCUIS .

The zimplified model of spwech production iz illustrated in
Figure 2. Typicel waveforns for e(t), ¥*(t), and s(t) for voice speech
are sketched at top of Flgure 2, The corresponding amplitude spectra
be@)] , W(2) s ana |s(t)] are sketched at the bottom of Figure 2. 8
fotice that the interval between pulses in e(t) is the pitch period,'ra .9
The lines in the spectrun E(f) are spaced 1/1;, representing the funda-
mental pitch frequency and the set of harmonic frequencies, 10

Decomposition of speech into excitation and vocal tract compon-
ents using the simplified model is the key feature of that class of .
analysis-synthesis systéms known as vocoders, We return to the subject .
of analysis-synthesis in a subsequent section.

Another description of the strategy of the vocoder is that 1t
attempts to preserve the short-time spectrum of the speech signal. We

examine the short-time spectrum in the next section,

Spectrum Analysis of Speech
The traditional tool for spectrum analysis of signals and linear

systems 1s the Fourler transform pair.

e 1 i +{ ¥t
S(f)= s;(t)é‘mrai!lt , st)= f S(1°)<3j * df @2

The speech signal, however, is not kiown over all time. In ad-

dition, delay in excess of several hundred milliseconds is not tolerable
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in veice communications, PFurithormore, the statiomary assumptions of

the simplified nicdel are only vaiid over short segments of the speech
si,g.,m . Por these reasons, the Fourler transform of equation (1-2) must

be modi.fied .

Short-time spectrum. For speech we desire a frequency repre-

sentation which puts in evidence the spectral content of short segments
of the waveforn., To this end, we choose a window function w({t) which
1s causal {i.e., w(t) = 0 For t€0) and essentially non-zero only over

a duration D. TForming the product

sCr) w(t-7)
and Fourier transforming yields the short-time s pectrum s(t,f).
-jawir
S, =] s w(t-f)e
£-0

The short-time spectrum S(t,f) is the Fourier transform of the recent

dr (1-3)

past of the time function s(¥) weighted by the windovw function w(t-7 ), i1
The short-time spectrum is the key analysis tool employed in various im-~
plementations of the vocoder. 8(%,f), measured by analysis at successive
time intervals t = t4, tor eseres is smoothed in frequency to remove

the influence of the pitch harmonics. The smoothed version of the shoxi-
time amplitude spectrum S(t4, f). is an approximate measurement of the
vocal-tract amplitude spectrum for the time epoch corresponding to t4.
(Smovthing nay be accomplished by convolution, e.g., time functions are

smoothed by low-pass filterins.)

Digital spectrum analvsis. Digital spectrum-analysis is accom~

rlished with the discrete Fourier transforn (DFT) pair:

Som= > <o) &7

Pad V)i

(1-4)




N-i

s(nT) = ﬁ Z S(KF)

T is the sampling intexval of the time function s(t); ¥ is the number

+j2InH/N
e

of samples to be i‘ransformed; and F = 1/NT is the sampling of the spec-
trom. 12

To obtain the discrete short-time Fourler transforn, we intro-
duce the window function into equation (1-4):

N-1 | _ior
S.(KF)= > weT)s(nT+ «\T) &

n=o

nk/N

(1-5)

The index r corresponds to the running time variable in §(t,f). The
short-time sipectrum is evalusted at times t=x MT for %1,2, ssees The
window is propogated along the time function in steps of NI seconds,
The ease of implementation of the DFT on modern digital com-
puters has oontributed to the increased intersst in digital voice
research in the last decade. Short-time spectrum analysis is a very
poverful tool in studying the nature of spesech and in representing

speech efficiently.

Human hearing. There is evidence that the ear performs a mech-

anical short-time spectrun analysis at an early stage of processing,
Flanagan has advanced a filter model for this observed effect, 13

In the middle of the last century, Ohm formulated his famous
law which stated that "sural perception depends only on the amplitude
spectrum of a sound and is independent of the phase angles of the var-
lous frequency components contajned in the spectrum." e The contro-

versy over the abllity of the humen to perceive phase continues. It




1s widely accepted, however, that the human hearing process is pre-
dominantly insensitive to phase,

tioderate phase distortion in a telephone channel, for example,
does not result in perceptable degradation of voice quality to +the
listener. In the context of vocoder communications, phase information
1s discorded to achieve economy of transmission (i,e., only the ampli-

tude spectrunm 1s conveyed to the receiver).

Sumnary
The physical functions of speech production are excitation

and vocal~tract articulation. Excitation is voiced and quasi-periodic,
or unvoiced and noise-like. The excitation signal spectrum is broad
in frequency. The message i1s imposed on the excitation signal by the
vocal tract. The phonemes of speech differ in one or more features:
(1) the state of voicing, (2) the duration, and (3) the gross shape of
the short-time spectrun. '

The simplified model of speech production is a stationary re-
presentation which describes speech as the response of a linesr filter.
The use of short-time spectrum analysis is the method used in the vo-
coder to measurc the effect of the vocal tract in successive segments

of speech.
ANALOG TRANSMISSION - THE TELEFHONE CHANINEL

"Transmission is the part of communications engineering con-
cerned with transmitting messages between sources and receivers." 15
For many decades the focus of transmission engineering was the analog
channel. The key concerns were defining and maintaining bandwidth,

loss and interference objectives, and filelding economical multiplexers




and radio links in a reliable switched network,

The microphone in a telephone handset is a i:ce.nsducer that
transforms the acoustic voice signal (the source) into an electrical
signal - the electricsl anazlog. The analog telephone circuit conveys
the signial to the receiver (the sink~the humsn listener) through a
“pathway”™ of electromagretic potential. The pethway may be composed
of many links of wire, cable, and radio, An analog transmission link

retains the input signal in some form of a continuous waveform.

The Linear Channel

An analog transmission link may be modeled zs a linear systen
with additive noise. Such a link is illustrated ia Part (a) of Figure 3.
The impulse response of the chamel is h(t), The Fourier transform of.

h(t) is H(f). The following relationships hold.

yy= s(v) @ h(®) + n(t)
Y& = SE HE) + N(f) (1-6)

The first term on the right side of (1-6) is the signal component of
the output, which has magnitude ‘ S& l ® l “({: ) l or converting
to decibels (dB) becones \ S(f)‘ 8 t l H(f) l dB
Thus, the linear channel modifies the input by attenuation of sore fre-
quency components, and by adding noise.

The attenvation of a typical channel (of one link) is sketched
in Part (b) of Figure 3. The channel response bezins to roll-off at
frequencies below about 400 Hz, and cuts off sharply nesxr 200 Hz, At
the high frequency end, the response cuts off at about 3.5 kiiz. Such a
channel is called a "3 kiz channel.” (The dotied curve in FPart (b) il-

lustrates the response of a 2.5 mile non-loaded cable channel. )
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Consider a circuit that is composed of five channel links in

. tandem. (Tandem links are links connected in series, to establish an
| ) end-to-end circuit.) The version of the speech signal a2t the output re-
flects the cumulative attenuation of the five links, and would be accom-
- panied by the noise contributions of each link. Thus, the topo%ogy of
the telephone network must be engineered in concert wiéh the choice
of message channel objectives.

Message channel objectives in the 3ell System include loss and
volﬁme, frequency response, noise, and echo, Noise includes random
noise, crosstalk, low frequency hum, impulsive noise, and intermodula-
tion (due to nonlinearities in the chennel). 4 typical design objective
for noise on a 4000 mile link in the Bell System is -46 dBm.. (dBm is a
measure of power relative to one milliwatt.) 16 )

The linear channel model is a useful one that is reasonable to

. describe the performance of analog channels and "high quality" digital
| .channels (such as the PCM used in the Bell System) for conveying voice
signals, The péff;rmance of an analog channel for conveying non-voice
| signals (e.g., analog facsimile and digital modem signals) is limited
by impairments that are not adequately descfibed in the linear model

(e.g., phase distortion and various nonlinearities). .

Volume and Sigmal-to-Noise Ratio

A simple periodic voltage can be measured by several methods:
the peak, the average, or the root-mean-square (rms). Each measure may
be used to compute power. A sinusoidal test-tone "signal" of power O
dBm if combined with a noise power of -46 dBm would yield a signal-to-

noise ratio (SNR) equal to 46 dB. But speech is not a simple, periodic

signal.
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Thie nature of spesech is such that the average, rme, and peak
velues (oand the rztio of one to the other) are all irregular functions
of time, A prectical method of reasuring specch volume has évolved,
using an rms meler with an Integrating time-constant of syllebic dur-
a‘iiox:. Such a neagurement provides a useful neasure of speech power in
volume units (vu) on a dB scale, In this manner, a signal volume nea-
sure of -4 d3m combined with a -46 dBm noise may be interpreted as a
SNR=10 aB, (SKR measurements or "predictions"” must be interpreted
with caution, For exanple, if a talker's input volume is 20 dB below
the nominal level, the SHR at the receivexr may be degraded by 20 dB.
Host SHR calculations and measurements are performed for some rather
simple “test-signal® such as an 800 Hz sinusoid, a txiangular wave, or
& stationary “Gaussian signal."™ Such calculations and measurements
are useful, but do not establish channel performance for either voice

or non-voice signals.)

Summaxy

The analog chainel is the central consideration in the design
of a switched telephone network. The channel may be modeled as =2 linear
system, with additive noise. The key impairments are loss, attenuation,
noise of wvarlous sources, and echo. Signal-to-noise ratio is an impor-
tant measure of performance. A typical long distance call in the Bell

System would delliver an end-to-end circuit with SHR better than 35 4B,
DIGITAL TRANSMISSION OF SPEECH

Digltal communicatlons has been a field of rapid growth over
the past 15 years. Many diverse factors converge to hasten the con-

version of systems and subsystems to dizital. Some of these factors are




(1) the cconornty of digital transmission for expansion of circuit cape-

city in urben areas, (2) the reliability of digital hardware, (3) im-
provements in device technology, (&) the growth of computer applications
with increased need for data commumnicatilon, and 5) the need for secu-
rity. The last of these factors is pexrhaps the dominant one in mili-
tary systems, “

A signal may be secured against intercept and decoding only by
digital encryption. 17 Thus, secure volce service requires conversion
of speech to digital form and a digital communicetions network to in-
terconmect suwbscribers, In this section we examine the mechanism of
conversion of speec‘n to digital (with the companion conversion baék to

analog).

Digital Sigal Processing

The steps in converting an analog signal to a digital signal
ara sampling, quantizatlon, and coding. Ve define a digital signal to
e a Lime funciion of binary pulses or dinary "states.Y A digital sig-
nal may take on one of two values (or states) in each pulse interval., 18
Sampling coaverts the analog signal to one that is discrete in time.
Quantigzation converts time discrete samples (of continuous amplitudes)
into discrete amplitudes., Coding converts the time and amplitude dis-
crete samples into binary pulses. The process of analog-to-digital (A/D)
conversion is then complete.

The digital signel is conveyed to the receiver (or to a point
of analog interface) and the inverse steps are employed to reconstruct
the analog signal. The reconstruction process is called digital-to-

analog (D/A) conversion,

Sampling. The first step in A/D conversion is sampling.
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digital signal of binary pulses with ‘pulse interval '1'/8 seconds,

An example of practical importance is pulse code modulation (pcM),
Speech is low-pass filtered to 3 kiz and sampled at 1/T = 8 kHz, Quan-
tization to L = 256 levels is followed by binary coding to B = 8 Bits/
sample. The resulting digital signal rate is

I= B/T = (8 Bits/sample) (8000 Samples/séc)
The channel rate for 8 Bit PCM is 64,000 Bits/sec (64 kB/s). (The symbol

I represents the bit rate of a digital channel or a digital signal.)

Pulse Code Modulation (PCM)

The most widely employed digital volce technique is pulse code
modulation (PCM)., PCM was developed in the 1950's and fielded in the
Bell System beginning in the early 1960's. Bell Telephone T-1 facilities

are deployed now in many U.S. cities, and expansion continues, 2

Linear PCM. The steps in linear PCM, discussed above, are il-
lustrated in the diagram of Figure 4. The staircase function is the
input versus output characteristic of the quantiger. (Note that the
quantizer is not a lineaxr systems A quantizer with uniform quantum-
step size is commonly referred to as a *linear" quantizer. Thus, the
label linear PCM is common.) Quantization is the deliberate and domi-
nant source of impairment in PCM. The error introduced by quantization
represents a loss of information, and is called quantization noise
(shown as en at the quantiser output). After passing through a chan-
nel (assured to be e.n'or-free.) the digital signal is decoded to an L
level s‘tairca.ae version (equivalent to that at the quantizer output).
Low-pass filtering completes the D/A process.

The following expression may be derived for one 1link of linear

PoM; 21
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Bquation (1-7) revezls that one link of & Bit POM should ¥ield SHR =
40,8 dB, The equation was derived for a trlangular "signal® with an
input level thet exactly £1lls the auplitude Tange of the quantiser,
motice that if the Input signal lovel wers increased, some samples
would fzll outside the quantizer range, causing overload distortion
and decreasing the SN¥R. Similarly, decreazing the input signal below
the offtimum level decreases the SNR by an identical amount, Tais dis-
cusslon highlights the key weakness of linear FOM, poor dynamic range.
The phoneme sourds of speech vary in power over a range of 10
to 15 4B, ond variation among different talkers gives a spread of 10
dB.or so. Thus, SHR performance is important over a range of input
signal Jevel of 20 to 30 dB, (Another important aspect is the tandem~

ing of links, a topic we return to below,)

Companded PCH, Companding is a method of improving the dynamic
range of a volece trmk. Companding mezns compression followéd by ex~
pansion. Companding may be thought of as a nonlinear gain-loss mechan—
lsm that amplifies weak signals (at the transmitter) to improve the SNR
performnce on the channel (compression), Attenuation of (the previous
anplified) weak signals at the receiver (expansion) restores the signal
to its original (amplitude) valance.

Instantaneous companding is employed with ICH using a nonlinear
(loga.rithmic) compression characteristic. The companding is performed

on a sample~by-sample basis, with no interaction between samples (i.e.,

Londe )
.

1y

instantaneous companding, the process has no memory). In the U. S., Japan

and several other countries the compression law employed is the [ ~Law




curve

V I (1+pr/v)

y= - Ln (|+p) ""(i;a)

here X is the compressor input, Y the outpui, V the clipping level
(the maximum range of the quantizer), and‘t is the compression design
parameter, The curve is odd symmetric for negative inputs. 22

The SHR performance for companded FCH is illustrated in Figure 5
as a function of imput signal level (ISL)., ISL iz given in d3 below the
clipping level.

Curve (a) shows the rugged SFR performance of the &'isit/sec ICH
used in the Bell System, SKNR » 36dB over a 40 dB wrange of iJL. By con-
trast curve (‘o) shows the SR performance of the 48 KBit/sec companded
BCY used in the U.S. A-rmy TD-660 multiplexer. 23 (fiotice that on either
side of the twin peaks of the curve, SIR falls off at the rate of about
+& 43 per d2 change of ISL.. This property appears to be important in the
performnce of tanden links.) Cuive (ec) is an approximation of the SKR

characteristic for CVSD, a version of delts modulation.

Y

Delta Modulation (pir) 2* |

‘Delta Modulation (DM) is a digital voice technigue that employs
one-Bit quantization of the difference between successive samples. The
binaxy difference is a measure of slope, coded az positive oxr negotive
(i.e., binaxy -1 or 1). An integrator feedback path forme a local recon-
struction of the prediction of the sign};l (at the transmittex). DM de-*-
Wers improved performance over PCM at channel rates below about 30 KBits/
sec, and is 2 very robust performer over a digital channel of high error
rate.

Linear DM suffers the same limitation as linear FCl, l.e., poox
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dyneric range, To improve the dynamic rangé periformance various for o
of companding have beeu implemenied., We focus here on the version se~
lected for use in the Depor-tment of Defense, il.e,, continuously variable
slope delta (CVSD) modulation., 0VSD employs adaptive companding that ad-
jus*_ts the effective slope signaled by each binary output digit. The
sdjustment is controlled by the weighted average of slope-ovexrload con-
diticns, summed over an Intexval of syllabic duration. The effect of the
companding is to vary the step-size of the binary slope quantigzer to fol-
low the short~time energy fluctuations in the signal,

Curve (c) of Figure 5 illustrates the SKR performance of 0VSD
with channel rate 16 KSiis/sec. The peak SKR is about 16 dB. The width

of the flot reglon of near maximum SFR performence depends on the choice

of compander design parameters. (In particular, the choice of the com-

panding ratio, maximum slope to minimum slope, dominates the dynamic range
of CYSD,)
FCM and DN are digital voice techniques that seek to xeconstruct
a replica of the original siguel at the receiver that is corrupted only
by quantizing nolse, A different strategy is employed in analysis-synthesis

techniques.,

Analysis-Synthesis, the Vocoder 25

The sirategy of analysis~synthesls technigues such as the vocoder
("voice-coder") is to achieve low digital channel Tates by decoumposing
speech into excitation and vocal-tract components. Excitation may be ef-
ficlently coded into one number {5 to 7 Bits) for each stationary interval
(or analysis-frame), Excitation is coded to signal the state of voicing
(i.e., voiced or umvoiced) and an estimate of pitch frequency (for voiced

sounds ),
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The vocal-tract description is analyzed by short~time spéetrum
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analysis at the transmitter., quantized approximation of the “vocal-
tract filter" 1s conveyed to.the receiver, Reconstruction of a synthetic
verslon of speech is accomplished at the receiver by exciting g time-vaxy-
ing filter which employs the received vocal-tract rarameters with a pulse
or noise excitation.

The vocoder process 1s identical to the simplified model of speech
production, The process is performed in sequence for each "f;a,ue" of in-
put speech, A typical frame interval is 20 msec or 30 msec,

The channel vocoder has been employed in military systems for
many years. A channel vocoder is one that. employs a bank of channel fil-
ters to measure the approximate vocal-tract spectrur. A typical channel
rate is 2.4 KBits/sec.

The key advantage of the vocoder is its low chammel rate. (a
typical vocoder channel rate is I = 2.4 KB/s, a rate low enough to be con-
veyed over an analog telephone channel by employing a modem to convert
the ‘digital signal to a "quasi-analog® one.) The disadvantages include:
(1) cost and complexity (e.g., more than $10,000 per terminal, several
cublc feet in volume, several hundred pounds in weight, several hundred
watts of power required), and (2) relatively poor voice gquality., Vocoder
speech displays a “machine-1ike” quality that obscures the perception of
the talker's identity and of the emotiomal nuances of speech. The voco-
der does provide speech of useful intelligibility (2290%). User accept-
ance of vocoder quality speech is difficult to gain.

Significant progress is now being made with the technology of
linear predictive coding (LFC). LFC vocoders employ the same strategy
as the channel vocoder (i.e., efficient coding of the voice signal by de-

composition into excitation and vocal-tract components), but use the method
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of lincar prediction to measure and code a set of gurameters to deseribe

. the vocal-truct spactrums LFC offers key improvements in hardware simpli-
city and potential improvements in voice quality. |

Vocoders remain limited in voice quality and naturalness due to
the approximations of the simplified model employed and the practical
difficulties in measuring piich and voleing.

SWR 1s not a useful measure of performunce for vacoded speech be-
cause the vocoder does not attempt to reconstruct the original waveform.
(Instead, the approach 15 to construct o synthetice version which has ap-
proxinately the same short~time amplitude spectrum as the original.) The
widely used measure of goodness for vocoded speech is word intelligivility.
Subjective quality listening tests aid in vocoder comparisom.

Vocoded speech may not be usefully modeled as original signal
plus noise. The removal of redundancy accomplished by the vocoder to gain

. lov channel rates is counter-balanced %y increased vulnerability due to
various nonlinear effects. The vocoder does not jrovide an “anslog chan~-
nel” that may readily operate in a tandem link conneciion. For exanple,
if the speech =t the input of a vocoder A/D is mlready degraded in band-
width and by nolse, then the ability of the vocoder analyzer Lo meésure
e:&ciiation and vocal tract parameiers may be impaired. 25 Thus, the ability
of the vocoder to perform in tanden link circuits is a key determinant of
network configuration and operational capability.

Errors on the digital chamnel contribute noise in the D/A econ-
struction, and in severe error situations nay result in receiver instability,

Digital transmission of speech is smmrm.riz;;d in the chapter summary

which followug.




The nature of the voice signal is inportent to any study of voice
communicatlons perforience or digltal voice techniques, Speech ig pro-
duced. by voecel-twact articulation imposed on the exeitation signal from
the glottis. The simplified model employs sta{tionax'y assumptions, Shoxt-
Tire gpectrum snalysis is useful to implement the stationary model in the
vozoder. ‘

The anelog ielephons channel is an aprroximately lineaxr cystem
with verlous ispalrments (loss, zttenuvation, noise; and echo). SMNR is &
key performance measura.

Digital voice communicatlons involves 4/D conversion, transmission
in a digital channel, and reconstruction by D/A conversion. The A/D and
D/A process causes reconsiruction impairment due to quantization noise and
nonlinear corrupltion of the voice signal. Impairments due to errors on
the digital channel include noise and potential recelver iné'tability.

The steps in the 4/D - D/L process include the digital siznal pro-
cessing techuiques of sampling, quantization, and binary ccding., Compan-
ding 1s commonly employed to improve the dyn‘a,mic range of digital voice
converters.,

Fulse code medulation is a widely used technique that delivers ex-
cellent SNR performance with B = 8 Bit coding, and channel rate I = 64 XBits/
sec, Instantaneous companding with the P ~Lavw nonlinearity provides a wide
dyuawlic range. The B = 5 Bit FCM (I = 48 KBits/sec) used in U.S. Army
systems displays a "twin-peak" SKR versus ISL charecteristic tecause of
the simple compander characteristic.

Delta moduletion is 2 relatively simple digital voice technique
that delivers chamel error and SUR advantages over FCHM at channel rates

in the range I =16 to 30 KB/s. Continuously varizble slope delta (CVSD)

PR v




rodulation is & version of DM that employs adeptive slope compm:d.irig.
CYED performaunce goins over FCH resuli from matching the A/D conversien
yreeess to the nature of the speech signal and to sub,jec‘tiva perception
of the human listener. (& chamel of 15 or 32 KB/s GVSD is inferior to
€4 ¥B/s ICl or analog chamels in ability to convey non-voice signals
such 25 nodenm signals. )

“he vocoder achleves low chamnel rates by decomposing spsech into
excitation and vocal-tract parameters. LEC vocoders may gain performance
improvements, »

The technical examination of digital voice techniques motivate
several questions: (1) What ability do these techniques have to deliver
satisfactory performance if operated in tandem link connections? (2) Deces
the ability to tandem imply any constraint on network design, or impose

any limitations of operational capability? Ve examine the important

questlion of tanden link performance in Chapter 2.
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CHAPIER 2

THE PROBIEM - SECURE VOICE, KEY TO THE TRANSITION
OF TACTICAL COMMUNICATIONS SYSTEMS TO DIGITAL
OFERATION IN THE 1980°'S
In this chapter we consider the importance of secure voice, the

transition to digital operation, a comparison of analog and digital woice
links, and examine digital voice tandeming.

IMPORTANCE OF SECURE VOICE

A historic deficiency in DoD communications systems is the lack
of widely available secure voice service. Mr. Thomas C. Reed, the Direc-
tor, Telecommunications and Command Control Systems, Office of the Secre-
tary of Defense, recently summarized the situation as follows:

Lack of security in voice communications used in the command and
control of forces has long been recognized as contxributing to reduced
force effectiveness by allowing the enemy to gain advance knowledge
of planned actions. Recent gains in methods of voice digitization
and the use of large-scale integrated circuits to reduce costs and
size now bring forth the promise of their widespread use in the field.

The experience gained in recent warfare confirms the need to pro-

tect our voice communications from exploitation. 2 Because secure voice

- requires digital transmission, the need for expanded secure voice ser-

vice is one key driving force in the transition of DoD systems to digital

operation. 3

TRANSITION TO DIGITAL OPERATION
U. S. mllitary telecommunications systems are now beginning a

conversion from analog methods to digital technology. Digital systems

1
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convey human speech by encoding the voice waveform in binary digits for
transmission., Digital signals may be readily encrypted to deny hostile
exploitation, The thrust of DoD policy is that future communications
systems will be digital.

The TRI-TAC Program
The Joint Tactical Communications Program (TRI-TAC) was estab-
lished by the Secretary of Defense in 1971, Two objectives of the
program are to provide modern tactical communications capabilities to
the Services, and to achieve interoperability of DoD commnications sys-
tens, ¥ Major General John E. Hoover, Director of the TRI-TAC OFfice,
recently summariged the focus of the effort as followss
By developing a digital system,....we axre providing a new capa~
bility in tactical communications, We will supply better service to
the final user; we will be better able to cope with the growlng re~
quirements for transfer of datas we will realize the many technical
advantages inherent in digital technology, as compared with the
analog world; and we will have made the achievement of widespxread
security economically feasible, 5
The TRI-TAC Office is nearing completion of a set of Planning
documents that will define the overall architecture for the future tac-
tical system, The approach to transition is evolutionary, because econ-
onic limitations and other constraints inhibit a rapid changeover to the
objective system. We consider the TRI-TAC Axchitecture in more detail

in Chapter 3.

Ihe Integrated Tactical Communications Systems Study (INTACS)

INTACS is a major study effort by the U.S. Army to plan the
fielding of a modern, mobile, digital, avtomatic, communications sys-

tem. The study takes into account the systen architecture defined by




progress. The study is almed at translating the known requirements in-
10 a workable communications network. The INTACS study, if implemented
in U.S, Army programs, will dominate the character of the communications
system of the 1980's and 1990's. 6

Tandem Voice Links
The system approach to transition being developed in the TRI-TAC

and INTACS efforts involves the tandeming of various voice links. The
PCH 1inks now employed in the U.S, Army switched network will be retained
(in some parts of the system) through the decade of the 1980's. Single
channel net radio terminals which use 16 kBit/sec CVSD will be intro-
duced, Digital telephones which use 16 and/or 32 kBit/sec CVSD will also
be fielded,

A narrowband secure volce terminal will be introduced into the
DoD system in the 1980's. Testing is 5eing completed now “by the Nar-
rowband Secure Voice Consortium to pick a DoD-wide narrowband digital
voice technique.” 7 (The use of the teram narrowband relates to the digl-
tal channel rate, i.e., a naxrowband technique is one with channel ra:f.e
less than 5 kBits/sec. Such a digltal signal may be conveyed in an
analog telephone channel.). Thé candidate narrowband terminals are vo-
coders, many of which employ the linear predictive coding (LPC) approach.
To simplify the discussion which follows, let us assume that an LPC vo-
coder will be fielded. A likely bit rate choice is 2.4 kB/s, so we label
the terminal (and the A/D technique) as “LPC-2.4."

The transitional system of the 1980's will involve tandem connec-
tions of PCM, CVSD, LFC-2.4 and analog links, Thus, a question of vital
importance is the performance of digital voice links,
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COMPARISON OF DIGITAL VOICE LINKS 8 '

The key factors in the choice of an A/D conversion technique
for voice are performance, channel rate, and cost, In this section,
we contrast PCM, CVSD, and LI in terms of these factors.

A summary of the comparison is shown below:

Performance Channel Rate Cost

CM-64  “excellent™ 64 kB/s low
(SNRa¢364dB)

FOM-48  “very good" 48 kB/s low
(SNR 22 26 aB)

CVSD-32 “very good" 32 kB/s low
(s¥B a2 25 dB)

CVsD-16 “good™ : 16 kB/s low
(SHR 416 aB)

LPC-2.4 *“fair/good" 2.4 kB/s high
(intelligibility a5 90%) ' ‘

The adjectives shown represent the subjective judgement of the Author,
We oxamine performance in greater detail in Chapter 4. -

We have adopted the notation that “CVSD-16" represents a CVSD
A/D converter operating at ‘16 kB/s, or one digital link of 16 kB/s mate;
terminated with CvsD,

PCM delivers “"excellent™ performance of high SNR, and the cost
is relatively low, FPCM-64, such as that used in the Bell System, de-
livers performance essentially equivalent to that of an analog telephone
channel. Such a link is quite versatile in analog switched network ap-
plications because many links may operate in tandenm to compose a circuit
of high quality. In addition, non-voice signals (such as modem signals)

may be conveyed. Thus, PCM-64 is suitable for application in a general
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purpose analog network as a trunking mechanism, PCM-64 is employed

in the Bell System and is being fielded in the Defense Communications
System (DCS). | |

The one disadvantage of FCM is the high channel rate, a rate too
high to be conveyed on some of the essenti:a.l channeds in the Dol systen
(e.g., analog telephone and HF channels, and some power-limited satel-
lite channels). PCM does require a relatively error-free channel to
deliver satisfactory performance (the bit error rate (BER) should be main-
tained below 10™* or 1077),

CVSD provides "good/very good” performance at relatively low cost
for channel rates of 16 and 32 kB/s. The quantization noise 1s noticeable
(especially at 16 kB/s), but does not impair effective communication on
a one 1link circuit. CVSD is robust in performance in noisy chamnels,
maintaining high intelligibility for error rates as high as BER = 10-1,
The use of CVSD at both 16 and 32 kB/s s planned for the strategic and
tactical systems of DoD, - -

A key uncertainty in the utility of CVSD in a switched network
is the ability to tandem with various links, FPrellminary testing of tan-
dem links of CVSD at the Electronics Commend laboratorles concluded that
the maximum number of tandem links (each of which employ CVSD) -are as -

follows s
Channel .Ra-te Maximunm Number
—{kBfs) of ILinks
32 5
16 2

These results were obtained under laboratory conditions with no impair-
ments other than the voice A/D-D/A. Other tests suggest that one link of
CVSD in tandem with one vocoder link may deliver useful intelligibility.
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L vocoder pexrfornance is ladeled as "falr/g90d " tecause of
the lack of naturalness typical of the vocoder speech, LG does deliver
sufficient intellizioility to be useful on vital commend and control links.
LFC may be expected to tandem successfully with high quality links such as
EC¥,

The Narrowband Secure Volce Consortium testing now being documen--
ted my provide key answers on the intelligibility of tander connections

of various volice links.
ANALCG AND DIGITAL LTS

In this section we relate the comparisen of digital voice links

to the discussion of analog and digital txansmission in Chapter 1. Sev-

‘ersl definitions are given that will be useful in our examination of

digltal performence in a transitional systen.

Signals may be coded in either analog or digital form. Speech is
inherently an analog signal. If a speech signzl is to be encrypted, it
must be converted to digital form, i.e., to a digital volce signal. In
a communications network, the.voice signal may be conveyed on an analog
path, a digital path, or on a tandem connection of two or more such paths,
Let us define a link to te an interval along the path through the network
over which the message signal remains unchanged in form.

The terms loop and trunk relate to the topology of the netwrork.
A loop is the connection between a suvscriber and an access switch, A
truk is a connection between two switches. A ecircuit is the connsction
between subscribers. Thus, a circuit is composed of two loops, and—-if
the two subscribers do not shere the same access switch--one or more
trunks.

A circult.may be composed of one or more links., If a eircuit has
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t¥o or more links, the path is called a tander comection. Tandeming

occurs at each intermediate point along the path at which the message
signal is converted in form. Thus, a tandem point occurs at each inter-
rediate point along the message path at which the information signal is
converted from analog to digital, or from digital to analog. The tanden
Points define the junction of links.

Notice that the number of links in a circuit betwsen subscribers
may be counted by adding 1 to the number of tandem points (intermediate
A/D and D/A converters) on the path. The analog link path which connects
a D/A to a collocated A/D converter is a link, by our definition. Indeed,
an increment of impairment may be imposed on the signal by such a link,
€.g., noise, loss, etc. But, assuming proper design and operational con-
ditions, the impairment imposed by such a link is negligible, so we will
usually ignore the impaim;tt and not count the connection as a link., Ve
refer to such a connection as a junction link,

A channel is a path in the transmission system, defined in terms
of the form of transmission (analog or digital). In an analog system,
nmessage signals enter the system in analog form, and are conveyed over
analog loops and trunks which are connected by analog switches. Trunks
and loops in such a system may be provided by analog transmission channels.
(Xf -s0, the system is a uniforn one, homogenous and "pure” analog). Ana-
log trunks and loops in an analog system may also be provided by digital
transnission channels.

Consider a modification of the analog system that results if
digital transmission is employed to provide the analog trunks between
switches. (In this example, the analog trunk employs a digital chamnel.
Each trunk contains an A/D converter to transform the message signal to be
conveyed on the digital channel.) This example describes the current Army
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Tactical Communications System (ATACS), which enploys 48 kBfs FCH in the
TD-660 Multiplexer. (In this example the analog link at each switchins
rode does impose lmpalrment. Heost Army switches orerate in 2 +uo-wire
(21) wode, so a 4 - 20 Hybrid is comected in the sigral peth, resulting
in a 2 92 etionustlon of the informatlon signal at each switching node.
e may observe in Figure 5(t) that the performonce of a b€ k3/s TCH trunk

is a funcitlon of laput signal levely SHR may degrade by 0.8 3B fox cnch

A2 chenge in input level. In addition, noise impairment moy ocour as e

nal center.)

The Juzl cese iz a digltal system, in which nessege signals access
in digital form, and are conveyed over digital loops and txunks which are
connected by digital switches. Voice signals are converted to digital at
the point of sysiem access, and back to analog at the point of egress.

A digital syzten is uniform if subsecribers sre conected by one digital
1ink. (ifo tandeming occurs in a unifora systen. )

During the two decades of transition toward a predoninantly digl-
tal DoD system, a hybrid mix of both analog and digital subscrivers,
loops, trunks, and swltches will exist in the network., 4t the beginning
of the transition, the system is an analog one with both analog and digi-
+al transmission. As the transition progresses, an increasing fraction
of the subscribers, loops, trunks and switches are converted to digital
operation.

Digital links are fully defined by specifying the bit rate and
evse in character, and per-

the error rate. /inalog linis are much more 4iv

formance is defined in texrms of pandwidth (the amplitude versus frequency

characteristic), attenuation, noise of various types (thermel, .quantivze-

a2 ]

impulsive, intermodulation, ete.), output SHR as

tion, cross talk, hum,




a function of ingut signal level (ISL), and nonlinear effects (eého,

companding, etz.). Thus, tha performance of analog links is difficult

to define aud resulis fror the cumulative effecl’r,s of distributed DhenOmena.,
Yany types of analog loops and trunks will exist in the trensi-

tional systerw of the 1080's. A partial listing follows:

1, tnelog rodio and wire channels

% Digttal chamnels shich employ A/D and D/A converters:
ne Gl ¥B/s FOM
t. 48 x3/s POY
es 32 XB/s CV3D
d

. 14 13/s QVSD
. 2.4 xB/s LPC (LPC-2,4)

D

Durirg the initial years of transition (late 1970's and early 1980's)
several sdditional types of digital channels will exist in the system, such

as 2.4 %B/s chunrel vocoders, 9.6 kB/s CYSD, and 50 kB/s ECH,
DICTTAL VOICE TANKDEMING - THE KEY PROBLEN

Ir this zection, we consider a conceptuzl model of voice tandenring,

and present the purpose statement that is the focus of this research.

4 Model
4 conceptual model of a voice network is shown in Figure 6. Iet
us consider each sheded sector in the circle to represent digital volce

coded by the following methods:
Sector Digital Voice Technigue

1 CYsp-18
2 ¢veD-32
3 LPC-Z Y l"’ '
L -4

The unshaded sectors represent analog volce. (In this discussion we ig-
nore inmpairment Que to analog links and digital chamel ervors,) let a
capital letter represent the end points of z eireuit pth between subseri-~

bers. An A/D or D/A conversien is performed as the gpath traverses 2
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boundaxy line upon entry or exist from a digitg.l secior, The path
through a sector represenis one digitai link, TFassage through an analog
rogion between sectors is cn analog junction link.

Fath 4 illustrates a connection between subseribers of one link
of CVSD-14. Similarly, Path B is composed of two links of CVSD-14, (Hote
that each digitel link involves one A/D and one D/A conversion at the end
roluts.,)

The model of Pigure 6 is useful as an aid to think through the
questlon posed at the end of Chapter 1: Does the ability to tandem imply
any constraini on neiwork design, or impose any limitations of operztional
capability?

iet us consider circult paths of one, two, three, and four lihks
that originate from a subscriber of ‘sector 1 (CVSD-16). The only one
link circuit is Path A, and the rusults summarized above confirm that
Path A is satisfactory. This result confirms the obvious, i.e., if two
subceribers are both equipped with CVSD-16 and if = direct 16 Ik3/s 1link
is available in the network, then 2 satisfactory cireuit may be esiablished.'
(One may observe that the direct link circult restlts in the maximup de~
gres of performance margir, because the connection imposes a minimun of
digital voice conversion distortion. Thus, Fath A would remain more
useful in conditions of high channel exrror rate than paths which include
edditional linke,)

Ve summarize an assessment of the two~link comnections as

follovrs:
Satisfactory Paths Satisfactory Pathe
cf lirimum Margin
¢ (1-2) T (1-1)
E (1-4) D (1-3) ()
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ie sumnarize r» assessment of some of the three-link connections

v

setisfactory Faths "~ Questionable Paths Unsatisfactory Fatns
1-2-2 1-2-3 1-141
1-2-4 1-4-1 1-1-3
1-4--2 1-1-& 1-3-1
1-2-1
1-4-3

Cne cbservation that mey b= drawn from this sssessment follows: A *hree~
link connection that originates znd terminates as CVSD-15, i.e,, 1-( )~1,
is elther questionable (if 1-2-1 or 1-%-1) or unsatisfactoxy (if 1-3-1 or
1-1-1). Anolher view of this observation is that if the network cortains
a cormunity of CVED-1€ subsoribers who msy access the network only through
cne 1link of CVED~1f, then o network connection between any two such sub-
seribers is guestioneble at test., (This example applies if CVSD-16 net
radio users moy orly access the switched network at an analog interface.
Twe such ucers are potentislly isolated from one another.)

Another observation is that an unsatisfactory three-link path
implies that all four (or moxe)-link paths thet contain the three-link
sequence ar? also unsetisfactory. For example, that 1-1-1 iz unsatisfac~
toxy implies that 1-2-1-1, 1-4-2-i, 1-1-1-2, 1-3-1-1, 1-1-3-1, 1-1-1-3,
o+ (and others)...are zlso unsaticfactory.

Ye summarize an assessment of 5. few of the four-link comnections

as follows:

Satisfactory Faths Questionnble Paths Unsatizfactory Paths
1-2-L-b 1-2-4-1 1-4-1-1
1-l-b-4 1-2-2-2 1-2-1-1

The conclusion to be drewr from theze considerations is that the
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perfoxmanes of vandem voice~links may impose limitstions of operational
capabllity (1.e., some available network paths are unsatisfactory). An-
other pelnt of view is that the performence of tandenm links does imply
necesseary consiraints on network desizn.

The zssessments offered above are tent_a:tive and judgemental, In
Chapter 4 we seck to zefine the assessments by analysis and by exemining
recent crperirental test results.

Some tentative conclusions are supported by the asseszment of

the network nodel.

Tentative Conclusions -

The acsessments do provide some general conclusions concerning
the gquestions posad at the end of Chapter i:

(1) What ability do these techniques have to deliver satisfactory
werformanca 1f operated in tandem link connections?

Lings of ICH-6l4 deliver rugged, versatile performance in tander
circuits, and do convey non~volce signals. Links of FON-48 are likely
to dellver satisfactory performance in most tandem voice circuits, but

adding one link of PUK-43 (Lo establish an N-link path) nay render unsat-

isfactory a marginal connection of K-1 links, CVSD-32 is somewhat versatile

in tandens links (but distinetly less versatile than FOH-G6L), and is of ques-

tionable utility for non-voice signals. Links of CV3D-14 are satisfactory
if direct, or in restricted tandem circuits with ECM or CVSD~32. 3But
links of CVSD-16 Dbecome marginal (ox unssiisfactory) in circuits which
contain two (or more) links of CVSD-18 and/or LFC-2.%, and circuits

which contain CYSD-16 are of little or no use to convey non-volice signals.,
Iinks of LFC-2,4 are of limited versat3slity in tanden circuits, and have
essentlally no utility for the common non-voice signals. Analog links

terleaved fva eclrcuit of digital links may impose additional impalrment.
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2) Does the ability to tandsm imply any constraint on notwork
design, or impose any limitations of operational capability?

ies, both coustraints and limitations. Fetwork topology, con-
neetivity, and routing control in a transitional, hybrid system must
incorporate engineering design features to accommodate the diverse (and
not analytically guantifiable) perfom;-m"e of various eircults cof tandem
Iinks.  The sizing of trunk groups is not a simple (common-ucer) truffic
engineering problem, but must take into account the usedlines of various
uger communities~of-interest and the slowly changing mix of terminal
equiprents and trunking.

Iimitations of operational carability are ceritzin to occur in the
transitional system becavse some circuit paths that could be estzdlished
deliver unsatisfactory performmnce. (In other words, whether or not a
glren trnk iz useful o a particular subscriber depends upon where he
is in the networl, who he iz celling, the torminal equipments of both
subseriters, the counectivity possidbilities of the current network, and
various random influences such as network loading, and nolse and aligament
conditions on analog links,) "Common-user® networks that must route traf-

fic based upon segmented communities do not gain the full mezsure of econ-

omy of seale ac unsegmented networks.

The FProblem.

llo single measure of gerformance of analog and digital voice
cormunications 13inks is knowm that is sufficient for engineering design
of & network composed of diverse linke. Experimental testing is necessaxry
to validate the usefulness of a user-to~user connection composed of tandem
links.

A two~decade transition of Dob éommunications systems to digital
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CHAPTER 3

DIGITAL COMMUNICATIONS FIANS -
THE 1976 APPROACH
In this Chapter we examine the policies and the planning approach

to digital communications in Dol that gﬁide, influence, or limit the se-
cure volce communications of the U,S. Army. We begin with a sumnary of
DoD policy guidelines that focus the digital transition toward the

16 kB/s channel rate. In the sscond section, we suxvey TRI-TAC Archi-
tecture which forms the broad deslgn foxr future tactical systems, Next,
the specific objective system and transition strategy for U.S.- Army com-
municatlons is examined. In the fourth section, we consider interoper-
ability between various reglons of the overall DoD systems The Chapter

concludes with a summaxry.
DOD POLICY

The thrust of DoD policy is that future communications systems
will be digital, secure or securable, and will enploy end-to-end security
over 16 kB/s circuits, In 1973, Dr. E. Rechtin, then Assistant Secretary
of Defense for Telecommunications (ASDT), summarized the policy approach
as follows:

seesThe decisions of the Secretary of Defense and the Chairman
‘of the Jolnt Chiefs of Staff on how to configure command and control
of the SIOP ox nuclear forces have made it cleax that communications
options must exist for clear and unimpeded command and control be-
tween the national command authorities and the executing cormanders
in the field. Such communications are not possible with fragmented
and disconnected separate networks designed to different criteria
by different groups. An overall communications system architecture
is mandatory if the national command authorities are to get the
communications they have stated they need. ..,
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eeeelt vas az & recult of recend experience and a-consequence’
of Joint discusslor hetween the security people and coumunicaticns
comdttees that Dod vecently decided %o procure no further ailitoxry
voina radions unlens they were elther secured ox securable, aad,
fuxthen, that our goal was widespread, end-to-end securiiy, Link-
by -1ink security, alithough useful as a supplement in hizh threat
arens, is ecleoarly aot s substitute for end~to-end security in the
world ia vhiel: ve must live,

oeanc shonld do something to standardine bit rotes for both
long-huul and tuetleal commmications, Tois led to the decizion *o
uge 14 Kilobitn per second, with an intermedizte vse of 32 Kilobits
o second, for secure digital volce traffic in the £isd and over
rydrorrinte long-havl cdxrcuits., It now appears commercinl common
cexrrlers may offer 2 15 Kilobit jer socond @izital service, whish
shovld considorably improve our chances for widesprend, end-to-end
secure voles.

Thls polioy initistive of 1973 served to fozus the attention of
system engineering orgsnizations in DoD towerd a single, specific, com-
mor. chamiel-bit-rate for future systems, 16 kB/s. The choice of 15 kB/s
reprosents o compromise between many conflicting considerations that ap-
piy te locol subsyctens in various parts of the overall DoD communieations
system. The internetion among the Services and DoD agencies since 1973
has rosulted in the merglng of system design choices into & neorly co-
hexant system swxchiieeture, Thls merging of system approaches is a
theme that is appavent in the plons of DoD organizations, In the follow—

ing cections we examine the TRI-TAC architecture, the Army INTACS s‘tuciy,

and other Dod systenc,
“E TRI-TAC ARCHITECTURE 2

¥ajor Gensral Jomn E. Noover recontly summarized the scope and
goals of the Jeint Tacticul Communicatlions Frogrem as follows:

«+soThe program includes tactical, multichamsl, suitched com-
minicatious ond related COMSEG, aceasc znd interface capabilities.
The progrum was established tos

g) Frevide the Services, on o timely basis, modern tactical

communications capabilities;

(2) Achieve interoperability within the Department of Defense

and with our alliss;




(3) Elininate duplication among Service Research, Development
and Procurement programs; and
(4) Do all of these things in the most economical mannex,
sseolssentlially, TRI-TAC 1s a single program which provides
for the design, development, and acquisition of the next genera-
tion of tactical communications capabilities for all the Services«-
while achieving interoperabllity anons them, eliminating duplication,
and minimizing costs in the process.:
The system engineering description of the TRI-TAC Architecture
1s detailed int
sesed single architectural document including Systems Objec-
tives, an Implementation Flan, Subsystem Architectures, and Assess-
ment of Technology, Methodology for Design and Analysis, and some
fourteen annexes covering such system-wide aspects as Eommunica—
".."tions .Security, Traffic Handling, and Network Timing.
The architecture provides the broad design for a digital, common-user,
switched system which provides clear voice and secure voice services,
and data services such as teletype, intercomputer, record, sensor, and

facsimile,

IRI-TAC Development and Acquisition Programs
A useful insight may be gained by examining the development and

acquisition programs for hardware to be fielded during the initial phase
of the transition. A conclse summary of the developments is given in Ap-
pendix I. The Appendii containg Tables 1 through ?, which detail the
Phase I (through 1982) hardware to be deployed in the subsystems of the
tactical network. The scheduled dates for the beginning of production
of these equipments occur in the interval April 1976 through November
1981, 5 (Definitions of words, phrases, abbreviations, and acronyms are
1isted in the Glossary of the TRI-TAC Architecture. ©)

The switching subsystem improvements during Phase I are listed in
Table 1. ! The principal improvement is the AN/TTC-39 Automatic Switch-
board, In Phases II and III the AN/TTC-39 continues to be deployed in the




Land Bused System. A 1€ 12/5 switching network will te intwoducesd in

7]

the ozl System during These II, and a 2.4 I\B/.: access capabllity will

’ > . » > ’
be £i21d~2, © (Phase IT is the interval 1932 - 199 ; Fhase IIT iz 1990

Shutlc Subseriber Access Subsysten improvements during Foese I

Lo}

arc licted in Table 2, ¢ The key improvement is the Digital Subscriber
Voice Terainal (D3YVT). The DEVT 4s a secire voice terminel which eupleys
eVsD {opersting at 1€ or 32 %B/s).

Fhose II improvements lnclude & new family of 30 to 9C line unii
Level Bwitches, expansion of message switching access, and fielding of
additionsl multichamel radio gssets., "The Ammy ATACS (TD-640/4065)
Analog/TCE multiplex dnventory will play a key wole i the transition
through the hyorid snalog/digitel environmeni of Fhase II."- Fhase TII
improvements include switehing, multiplexing and rafdio tranzmission.
"Fhase IIT will see the phase-out of analog subseribers :nd thus the Army
ATEOS. "uuiversal' channel equipeent,” 10

voblle Subseriber Access Subsysten irzprovcment.: during FPhase I

are listed 3in Table 3. 11 FPhase II improvements include the proposed

. flelding ¢f a disiinct Yobile Subscribexr Access (MSA4) subsystem with -b.mee

subsysten components: Mobile Subscrider Control (118C), Mobile Subscrider

‘Terminal (MST), and Access Unit (aU). 12

Trunk Transmiscion (Surface) Subsysten improvements for Phase I
are lizted in Table 4. 13 Puase IT inprovements include troposcatter and
AP facilities. Troposcatier, SHF.LCS, ULHF LS, and P capablilities would
be improved during FPrase IIi. 1

Trunk Trancnission (Space) Suboystom improvements for Thase I arve

listed in Table 5. 15 Further isprovements would be implemented curing

Phases II and IIIX.




Digital Voice Bit Rates
One design objective for the tactical switched communication

systems is end-to-end security. 16 The DSVT is to provide traffic en-
cryption on an end-to-end basis, 17 The modification of the DSVT is to
provide a capability for push-to-talk opexation an 16 kB/s. 18w gn-
itial channel rate for TRI-TAC land-Based Systems is 32 kB/s3 the rate
in the Naval System will be 16 ¥B/s," 19

The TTC~39 Specification provides the following guidance on Ana-

log/Digital Conversions

Digital voice terminals shall digitize analog voice using the con-
tinuously Variable Delta Modulation (CVSD) technique at a bit rate
of 32 kB/s. The TDMX of the circuit switch sybsystem shall operate
at a single channel rate of 32 kB/s, ....It shall be possible for
any voice subscriber connected to the AN/TTC~39 circuit switch sub~
syster to be able to communicate with any other wvoice subscriber.
evesThe circuit switch subsystem must, therefore, provide A/D
and D/A devices for use in connections between a subscriber using
an analog voice terminal and a subscriber using a TRI-TAC digital
terminal (32 kB/s, CVSD). &
The mature TRI-TAC "objective system" will employ all digital
16 kB/s trunking in a homogenous common user, circuit switched network.
Thus, subscriber to subscribexr circuits in the mature network axe direct
digital links, Tandem conversions between digital voice links are es-
sentlally eliminated. Thus, in the mature objective system the four

regions illustrated in Figure 6 would mexge into one region of CVSD-16.

Transition Strategy
Recall the discussion in Chapter 2 of analog and digital voice

links in a hybrid system. The key challenge of transition is to provide
continuity of user services during a period of gradual evolution of the
systen fron a predominately analog one to a predominately digital ome. .
Digital subscriber terminals, trunks and switches will gradually be phased
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The TRI-TAC architocture 1s o broad "wibrella’ thel sovers a wide
mngn of possitle systerm configuration twsasitions. Such an approsch is
tecessary beesvee the Military Departments and DCA have different starting
points for trancition, For erample, the curront ATACS employes Aizitel
trausaicsion, whereas the 4ir Force system hae anslog trausmission, Thus,
convervliiug or vdaptiug ATACS trunking to digital operation will be rel- -
atively simple.

Cther considerations contribute to the need for a varsatile tran-
sitlon strategy. Uncertzinties in programming actions, year-by-year dbuig-
ets,. and production schedules compal an approach that is flexible iu
time phaosing. The mebile nature of tactical forces Qictate that one way
not wely on a zpeclfic geographic configuration of similarly equipped units;
the strotegy of transition must be sz flexitle as the range of tactical
epploymonts,

The trausition strategy is to field & ixy‘orid circuit switeh (the
TTC-39) ai i’.l«"LJO"; systen nodes, and slowly expand digital trunks, loops,

and subseriber terminels. The space division matrix (sDrx) of the TTC-39

- provides automatlc swltching of existing onalog trunks and loops. The

tinme division metwiy (TDKX) provides automstic suitching of digital trunks
and loops, 4n inter-Matrix Unlt (D) provides A/D aud D/A convewsions
to interconiect thie SDMX and TDMX, perniting erossover between digital

and a.nri.log trunks or loops., The crossover function permits connections
between analog and. digital subscribers, anulog trunking on a path between
digital submeridvers (if a digitsl path is not available), and Aigital

trunking betveen analog subscriters. Seversl such crossovers nmay be needed

to establish o circult vetwesn subscrivers, depending on the avai bility
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of dginal trunking.

The nrossover operatlon in 2 hybrid network is 13a,tra‘.,-3 in

Tlgure 7. Tart (2) depiets o .culc of four links (digital/snalog/dsgi-

tal/anales) ounec ting a DSVT-equipped digitcl subseriver with en analog

subscriien,  The crossover is illuctrated symbolicelly in Fart (3). Fort

a) of ™gure © fllustraten the use of two anzlog trunks (licks) in o

P

aotueen DEYT subserider:,
& clhaarel rate of 32 13/s wzs selected For d Aigitol trunking in

the TRT-TAC crchitecture to permlt Flexibility in cxrossover, i.2,, flex-

provide improved wvolee quality snd ability to ‘bzmdem.

Anothex nroszover situation is & tandem conversion between dig

(‘l

zubseritere equipped with different terminals, Part (b) of Pigure 3 11~

ibility in interlseing digital ond analog links. Digitel links: of CYSD-32

Lostrates crossovey to interconnect a DEYT subzseriber (one link of CYSD-22

with e narrow-vand subseriber (one link of IFC 2,4).

The Integreted Tacticel Commumications Systems (LITACS) Study
o offart to defiue the U.S. Arwy communleatione posture in ine
19%0% . The Siwiy bc-rgzm in 1971 end wos eszentislly concluded in Decan-
275 h Communicelions Systems Reguireasniz Study (CCZ'..'SZ:) was

. . . 2 : e
conducted 1o identify the nesdlines to be sndisfiad By the natrork. 2

LU - e 4T #

J

to o worksble cominunications usiiork! 22 anothar polnt of view iz ithot

e Study is o sysiem englneering desipn of Tt 4o zele2t the winiium
cont cystem configursiion thiot satisfies iie sacuiromoais as? certain

constrainte (iuvestment profile, cvailable TRI-TAC haxdwere, ete.).

s T3 A wyaems P L R s L T L T 3
Tog INTA0R Blwdy provides ine mechandsin oo trmnzoriiing the CGSL's in-
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Objective System 2k

The INTACS Objective System, the target system for the mid-1990's,
is consistent with the TRI-TAC Architecture described above. The multi-
channel transmission and switching subsystems are all digital, and digital
access is provided for all secure subscribers. Digital trunks in the mul-
tichannel system during the transition would operate at 32 kB/s, whereas
single channel radlo access and MSA subsystems would operate at 16 kB/s.
(The analog trunks of PCM-48 would be converted to digital trunks as the
transition proceeds.) End-to-end digital operation between all secure
subscribers would be possible. (The direct digital 1ink would operate at
16 kB/s in the case of a connection between a 16 kB/s subscriber and a
32 kB/s subscriber. Such operation is accomplished using the Dual-Rate

pethod which is summariged in this chapter,)
The Division Objective System is described in the INTACS Final Re-

port as follows:

_ The Division Objective System is a highly integrated communica-
tions network which is predominantly structured around the TRI-TAC
MSA subsystem. MSA integrates the functlons of telephones, tele-
phone switching, radio transmission, commmnication security, radio

wire integration, and control into one composite subsystem. Other
communications means within the Divisiocn area ave (1) SINCGARS VHF /P
net radio; (2) I0S multichannel communications and switched wires

(3) Single channel and multichannel -tactical satellite communicatlonss
and Tacticgl Record Traffic Terminals, facsimilies, processors, and

centers. 2
SINCGARS is the acronym for single channel groud-alr radio

system. For brevity we adopt the texrm combat met radlo (CGNR) to identify

single channel radio equipments which employ the CVSD digital voice tech-

nique and operate at a 16 kB/s chamnel rate. SINCGARS is a member of the

class of CNR.
iber Access (MSA) subsystem proposed for the

The Mobile Subscr:
Division System inclue six Mobile Subscrider Centrals (MSC) and 275

provides automatic, secure




volce user access lnto the MSA subsystem by radio (using GVSD-—it’;)-.

The ESC's provide ares coverage to serve MST users and OWR access. The
¥3C's are interconnected with digltal LOS and satellite trunking ito other
MSC's aud to the multichannel sysiem.

The Coxps Objective System is dbuilt upon a switched, digital,
multlenongel network. Both LOS terrestrial and satellite rsdic are e~
ployed. (The metellite capability ineludes Demand Assigned Iuliiple fe-

ess (DAKA)). The digltsl truaking interconuects the nodal TTC-39 circuit
switches, User access is gained by I0S radio and coav coble. The TRI-
TAC Digitsl Group Muliliplex (DGX) equipments ars employed. Subseriler
volee texminals iuclude the Digital Subseriter Voice Terminal {DSVT) zuAd

the Digital lon-Secure Voice Terminal (DiivT).

makeup. Ineressed use of troposcatier is planned at theater lewel.

Trensition Stratesy 25

The transitlon strategy is outlined in the IKTACS Irnplemen‘-:aﬁion
Plan. Transition is divided: into two Antervals, the Imrroved ATACS tirme
frame (1976 - 2922) and the final period (1923 ~ 1997). The multichanuel
system of the Improved ATACS time frame is essentially that of the current
system. Improvements duxing the geriod include increzsed channel capacity

of 103 systems, digital combining and Lrunk patching, frequency division
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aultirle access (_m ;
exponizlon Of some Aigital tronking capabllity (use of the TD-1043 with “he

. " .1 Y “ . - € A
TD-CA0 Fultiplax), securs nei-radic (the Jilfoband Security Da-rice - WBSD),
and eircuit techniesl control improvements, <
The translition approasch during the Final period is to field ihe
TRI-TAC assets begiauing ot Seperate Brigade/Division level, then CGowps

level, aud then Theatér lével,. The 21losation of asseds would. oe guided




s, o~ ®

optlmen zyoton eonlisurstlion for Ligh priority users, Improavaed ATACS

assetn ro luced Dy TRI-TAC eguipments would be deployed to meet the noeds

£

rlordity upera, (Thus, ATAGS assets would ndegrete "yenomwora®
kg v ¥ L = iad

Suxnary
The IKTAGS 3tudy srovides a roadmeyp for transitlon of Axmy com-

munications to an all-digital objective cysten in the 1990's. -The Study

includes 2 oystem englueering design, signel unlt foxee structurs, Lord-

™

ware procurement and deployment schedules, and rxogramiig and tudgetiag
Jox ' & &

OTHER SYSTZNS

The oLicvetive sysienm configuratlion end transitlon approsch adopted
(%4 J (=)
Tor severml othor systens will impect on the ability of subscribers of
J £ o

the Army systewm to commnicate with users in the other systenz, Other

g:,l'.f:_v-
tems of rarilcular interest are the World Yide Iilitary Compend and Contrecl

System (WYHCCS), the Defense Commumications System (DCS ) the U.S, Favy

Hoxrld ¥ide Militnxy Conmend and Control System (M100S)

Ir. Thomas C. Heed is the Secratary of ihe Alr Porece. Tn Moreh

19075, while serving as Directior, Telecommmicetions and Command and Coutxrel

Systems, Cffice of the Secratary of Defeauue, ¥Nr, Reed described the WHNCCS

as Follous:

The | w*vs, as now undersiood, iz a composite of command and ¢
trol capabilities distriltuted ,rnrld. wide whichs: (1) Support the ;.m
roce

"
Y

by providing the mesns Ly vhioch iuforustion is 2ived for acourate
and timely decisions; apply the reaocurces of the Milits

<

0t

ry De; artme'x s
ne Upified 2

1
a

and asslzn military missions anrd provide direction
&




(51N
g

i, Specified "o’..m:,nis. (2) Provide for effective command ard con-

\
ol supgori of speeific mlsslons of the Unified and Specified Commands
and the UHHGOS related mansgemen t/inforiation systems of other DoD

l‘
o-f._‘:‘ 11":’: N U

l‘" (0]

The WMHOCS provides gecurs volce and data sexvices o interconneet

the Hationzl Commzud Authorities (NCA) and the commander at the scene of

action. A WHECOS Architecture stuiy effort is in progress which will id-
entify +the connectivity regquirements (n eedl*r‘es) for the WWNOCS, A ¥WICOS

~

sglneering Office iz being organized to accomplish the planning and
29

’-;l

Systenm
design necessary to lmplement the VHICCS irchitecture,

The potextial impect of the WHMCCS on Arxrmy comaunications is that
JUHCCS needlines will extend into the Army system, If end-to-end serurity
iz 2 requirement on such connections, then the ability to establish direct
digital limizs in the Arny systen is necessary.

Che approach under study for potential implementation for WWHCCS

[4}]
!

secure volec service iz a varistle channel rate strategy in which the digl

roice terminal would be ecapable of operating in several modes (at

ok
&
f
<
(¢}

differaut Lit vates), Such operation would permdt adrpting to 2 low bit

raote whea the network is stressed (thus making use of limited trensmission

capacliy) o adepiing *o a high bit rote to galn performsnce wwhen capneity
”

is amgle. 20 To achieve low bit rate cz.pability, such 2 terminal would be

- 4
of cozt and complexity compaxsble to LPC-2.4, 3

]
Defense Sommmications System (DCS) 32

The LICS is a general purpose, loag-haul transmission and switching
system which provides 2 wide range of services to Dol users. The Automatic
Voine Ketwork (AUTOVON) is %he olezr voiece "telephoue network” of +us DOT,
The Autonztle Secure Voice Communizntiome hetwork {AUTOSEVOLCN:) provides

4hAn

secure voice services to about 407 muleasribers. The Automatlc Digital

Fetwork (AUTODTI) provides securne roeord iweffie comaunicatlions
J
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Sorve insight my be golued into the future DOS sesure ~woise iroa-

-

et g S - - r -,
sition Trom the racent rowarks of Brd gadler lenersl J. H. Jacobameyer,

Dejuty Divectow, Ileuz ~nd Progeams, Defense Communications Agencys

ooa o2y Flnding it f2a3ibls to orerat° Aigitally ot
neret for seoymm \'si':r - in the QOIUS, we ean ashileve 3
enan of the strodegie snd 4zotical cow ml‘“**ozw r,ab-:r.a.-... i's should
senidave trun Laleropornbilily ond loztsiles eomumonslil i
resnonallis ab ~etive to forssee any > ’*“la,ﬁ'n.;r,..l of curreut ovorsess
D05 exitches to e fundamentally the TRI-TAC siritehes, J2

XX IR oR PRV

i POES I L)

Seneral Iee ¥, Faschall, Dizect of the Defense Gommuni~
cations Agency recently summarized the approach +to imte roperability az

follows:

sseedt seems certzin that the future DCS will be heavily oriented
towumd lnteroperatility with U.8, toeticnl coamunications systems and
with the communications systens of our wajor allies, Intexr 1,f“a.aili ty
end teeimicul standardization between U.S. tzctical cunrmxic Lo
sysiems snd the DCS will Ve driven both by the very demanding need.s
of "h~ Tloxiule nuclesr vosponse stratesy as well us the reguirenent
to hove the copabllity to precisely control U.S, ailitery forces at
the yr*r'v‘c:.:: level ia orisls aud contingeucy operations,

«es.Thus, the strategle and tactice,l commiiications systems mast
heve o Aegrae of ﬁ.ntercl; arability and + nn',‘%) standardization such
that they are trensparent, or very near‘.‘; Bo, -t

The future DUS secure volce system may be sumerized 2s o homogenous

..J

direct digitel links bet-

tal

1€ kB/x 3igital switched network which provide
ween CVSD user terninals, Heiwork aceess in a narrowband nmode ray be

achinved using the LFC-2.4,

UaB. ¥ovy Syaten 39

Some aspects of the secure volce portion of the U.S. Navy System
are discussed 3u the section on TRI-TAC 4vchitecturc, Transition of U.S.

lavy communications ic dominated by the espec ¢lally chellenging transmission

cnaanels that sre vitad in the Movel environment, {F/"“ transmnission now
in use in a severely bundlimited chzimel; data rates zre conztraina? +to

2.4 ®B/s. One the other haud, satellite 4ransrission charnels to some

key moblle platforms are severely power-linited due to aatenna constraints,
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Yo gworided with LPC-2,k, O

nommon user Tuceilitles,

18 1/ ?.'5.,;:?.-5.:51 -r*hed nn‘bvoﬂ' vhich d4n ercor'.neots' GVSD subf.s ribers,

Direet ;1r3xtr.‘-::-:b:.nﬂ 15.;1!-'.;: and narrovbrad aceess 1o the ’digl .1 nﬂ“‘"ore wi.l]

VATC Tatorrotad '.!o:mnmicrtmn *g:;teﬁ f,l. ICS) 37

- The JI08 rog iu* tiat d :".h 1970 to smk the integ ’miion of v:x'cwou"' o

prtlonzl systems inte 'a comon user switching sy&stem . "I‘he 'conc:ﬂ};:i.ual:

2:1"3,‘2 is = totzlly intsgrated grid netwnr e of g,l'f.om.f-.-!:.ic‘ally s%-:itched,

The EU‘RO‘IOX is b‘le curxent : tu.ndm:r'i RAT

Py

vocaﬁ,ex‘ wu *ocm“,, *rhr.ch oPo:a’ces over the mzalog links of the oritched

ne*wy . 00

~Summ&rv

The U.lil ty of J.u. ™y T ces to commmnicate with ollb ,<:v~.u:>f'~:c'<-~
of  otuor 35':-;":f3;fr...-, pu} /wi on %he sysian dcuig,u adopted For ul'lOwG‘ otr.m'
sysions ~ud upon i;he nethod of inte ro;pe ‘i'ty select,ed. for use at e-:;cn

‘systen bowdary. The DS and hhe lavy S cten will employ 16 1B/s digital
ry . v oo/ )

trunking Lo zrovn’e ﬂim links vetwesn GVSD suvscribers; voth systems

0111 yrovide upirowoand acoens with LFS-2.4,  The ELCROVOL voco der

%2}
g
o]

enployed iz the 1IN, ..e examine lntero perndility between sysless

e neyt ne "‘t {..Olu )

L«'P""OP’}?J‘UII ITY EEER CY‘%TEI‘!S

I this seeotion, we cvanine the abili ty of socure voicr~ usere in

dui‘o *cn’c 'f"=g, ions of the ovcr?ll DoD syzten Lo co;uuumicatc. 'i'.'e focué on

“the tandeuding p*oolem' “kre conversion ', to ma.lob reguired at tlm gysien

boundaries which join the rzjor J:c:g-,f-.ons of ithe overall Dod systea?




"’ﬂki" tiig the Dod aystoa ol

o

(S

Lh0lrd paint of view is edepied iu this section. In Onc yior b

e oo un Lo Lonrl eonnidrroiions of tandeuing 1*110*1. 0 whie V,0.

3 .. LI e .. . L2 2 g s “ SRR 3 - p ooy
Loy nstlend cpnion. Tandewing ond dransition 90.;1,J.di*cn't'5.oz;.:: aMs wIven

Papdcnt of ths Oyarnll Semien

C‘

Tirtoun meglous of the securs wvoice portion of ike overall systes

are thoun *n the cbatr actio’n of Fig';a:-?e 2, The sheteh vepresants o sizpll.

regton. 4z 9 sector of ths system within vhich direct gital lin AR ha

- Fled dencriztica of ‘a;i‘.,. "'~niz:v.t‘ on of the ')".‘:":.?.n,l zysten.  Banh elrveslnr

provided -J“"'ff?"n semTe 1o lce users by A4: Jial t*u’:z.:ﬂg rhon g ven chal-

. ‘. &
nel snta,

Li thic ddzcussion ve assuwr that the plmmixxg_'direfztiom S

Coorined dn this chs ster :-:‘,5,:;111‘,, end that hexdwure. fe fi dod iu ’c.‘m

decade of the 1920%s in the many reglous of the DoD systen:.‘ Tue nlo..zzl

)_J{‘ l;n.;' =

ip
o

‘lzo late 1580°:,,

s ma,y think of the clrculur regions of Figume 9 e ’,m Sack~

, brmo try r"ing ard sidtching networks of +the DoD ByS »'tt”‘;l- '!‘ne r--cgi:m‘

Loy ke 8 g . v dipon Mg gt W
wetraotion cvf‘ Pigume 9 @2y b2 thoes ght of as & syztenm "snapshot™ -

lateled " US ARM‘! mans” ‘:eprnse its that secton of thn Lra r,n.,i+io*131 2y5-

i2n with:dn which Aray DSVT/DZJ id ::u’bscr-”ore._., ~ah be ncmne Lo, 'by a d'ir zot

2 xn/

‘J

tranking.  (The nn thol of Az :?Il,l voice A/D eoaversion

&

link of 2

assocloted with thege subserilters 1c sh own In parenthesis.) The Azay

TITACS region is equivalent o tho joint re’,—ofioa; 0f Land-l vased tactienl

commtnleations that io equipped with TRI-TLO mu) n*c‘.na»nrf‘l ‘c,::'a snission

il

‘and awilitehiug asseie, 'Eac. ’*:.:t‘l:::n“:.:,.ar cctor in- i;ho ske ch repre .nnvu

- The disiineciion betiween circular '*ac.vkbone reglons and the acoss

user covr.munit,; whi ch ney decess one ox more of the oackban " systenu
< est:-:.‘::lish & long-haul circui't with 2 subscri‘osr in another community,

SE
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regions is that use:cs ina backbone reglon may esta.blish a direct dig- ”

“ital link with any ‘other user of that region. In the a_ccess regions, by

contrast, some user-pairs may be capable of establishing a direct nk,

’ wherea.s other user-pairs may only be connected by trunklng through one

“{ox more) of the backbone regions.

' Let us consider the question of tandem links in this overa,ll

o system” using the notation enployed in the discussion of Fignre 6 1n

Ghaptezf 2. If digita.l voice signals were conveMd to analog at the

f‘-interfe.oe boundaries of Figure 9, then a connection betieen MSA sub-
 scribers that is tmnked thru the 32 kB/s multichannel network (1.e.,.a

II-1-11 connection) would result in a three link cireuit (a 1-2-1 cir-

- oult in Figure 6.) Such a circuit of tanden links delivers question-
:‘ able performance. Assuming analog 1nterraces, an equivalent three link

circuit (1-—2-1) uould result on the following pathsx
II -1 -1 |
II-X-Y
S II-I-VI
CIITI-I-V
IITI - I - VI
| | V-I-vI | | ‘
Thus. a primary factor in detemni.ng the degree of 1nteroper- .
ability achieved in the overall system 4s the method selected for : |
interfacing at the ‘reglon boundaries. (Sta.ted in other wonis. the choice
of interface method determines whether some users are isolated. fxron sub-‘
scribers in other regions.) |
~ tThe analog method of interface at the boundaries 1-11. I-In, I-v,

I1-vI, and II-1I1 15 1listed as one option in the 'I‘RI-TAG doouments. ~An

‘ i‘interf:ace nethod called *qual-rate" that avolds such analog in’oerfa,cee is _
* now being incorporated into various system plms and hanlware developments. w0




Pl

The duwn 1»-?'7:53-."‘,:‘ mothod now in nl'mni.;u w‘l ‘,e:mit DS‘JT r:q ippcd

wed R

nu»—mj e 44 rezions T ;1,1;(1 VI to est ‘:.f!.:l:.h ol eonuection of one digi.v;:-.l

ik, opmusbing o 44 kB/s. Thiz simple mothod is aceor plished 'c;,-' pro~

the cepbility to ehange to & 16 1z /., rate +"o'r opﬂt'z: bon

o YLoza eonnections th;-’t w’a'n se or terr it s ina 14 kp/u reglon, - I‘n

the sulbohed systerm, the ﬂu“l-"'f-‘-‘“ method is performed by automntic "gear-

" of the '!.:ransmiss._'an Tote 2t the ‘bo'u:ﬁa'r o 1.e., each it in the

12 12/ aignel 35 bron .;rﬁ‘ wed +.4’Lco on the ‘P.B /= chamel, {(In the op-

;0 sile Airecti on of 'trans:alssion, ch p(,,i* cf ir‘ea'kic*.L Wit or the 3? x«:.75, 3

¥

chatmel is J*ans*o-"mod into 2 single bit iz the > 14 kB/s cha.niml.)

The '_:,:a,l-r ate me hodl 4is elso being *'vplemen ed for +he systen

Lo

aoundari.es I—II. I-I11, 'II»III; I-Y, 'l‘buc, if the d"a1~rate method‘

now in 31 0 ’!b is *'1;16*1 r;ted in +he berduare ficlded in the' ..:r‘gJ.,-*’cio*'x l‘

eyoton,  then direct link comnections will te posaivle botween 211 DEVY,

18T, rnd MR ouserz {L.e,, Sebween nll socume mibsseibers with a OVSD At~
Wl ovoleon tomptael *.ha* heve syste aceans ilu woglons I, IX, ITI, 7, amd

YI. & oecond i mo*taxﬁ imgllca,vion ic that the CYSD egipped cubseriders e

sx,*ul’i‘ o circuit of -t.'.-ro links with :rzﬁ'.ﬂ,“f  scers (i;e., v‘:'mséfe ‘ui;speé‘-
witi erc-:z.lr or EU:BOVOX} in reglons IV, VII and VITI. & ’f:irci:a.xi’c‘beft;-r—,_en '
U,8. usenc 'ould e at vorst 2 (1.”3) cirouit, |

Tue facl Lthet d’:r 2t ‘dig.‘.‘r,:,l 11%.:1‘?:5. are punsiuls bei;xj:ceri wideta Hs.
((‘" D) seoure voloe users han a ey :ua,. *"*‘.ic‘;‘: Per dato nomizumicstions

serrise . “hrxm'::l;,-', W idﬁqu secwse volen users mg ;,' sxohage data in 6**9

node, from user Lo user, h Thus. the secume volee oo mb* 11 y anf" '-on..wcti 5
o_f‘ the ayctem wey e viewed as 4 ‘M'.,ﬁ%"-r avs f.’."a.‘ole resoumes '.Po::' data 'coz:.—-

~m1~,r.ti,<mr~;. Such o . Yecource ™y be uaef’-ﬂ 49 sniic -f‘" groent 1 éli,nés'

in 2 flexible, res‘;nonsive naINST.




Ve o7 ;uimd tue intercperabil ’c of go

Tu tiio srotion we b oun
voclem commestisus »hizh owoss the systea bowdariss of ‘che ove_rull Dol

aystes, I«,w.. ropion 35 consideved 4o te homogenous, _- con:;;osed of unevs

0

24 '.:i’;.is “ewtego +10u soure vaicc torriuals intorcounented

the dusl-Tote nedtiod 13 o solution to interopers uili.'b;-; 2t sane

f

Then ‘é;r;‘a*".z\.rie:a +hot jeraits Mrect dig,* tal links 4o te ectablis ht\*l'
bstveen sridetex d (1% or 32 %5/s) necure vcice usor jya,ii's. Such o;'-s:ra.-- '
L3 oii lrro\ri']eg mxr’--‘ro-Pn'i digl 1tal conneq't.ions, yhich makes en'l “Lﬁ*w.).d en-
eryition gad d.ata tranafer pozs sible. Te wion of + lwse systen v:mwione
(1, 11, ‘IIX,_ V and VI) may be viewsd as & honog genous 16 k.)/s network (ﬁ. 2.,
& wiiforn ’net-.-rc'rk}) - | o |

e ’:c"hxn %0 the opic of’tande ® fons P‘tionf' y:hif*h ..xmlud:* r"ﬁ_w
ok ’*1”’ 1'~uk.: in .,C_he'.pter l:/.’ |

"."‘a systzw level disoussion in thi uiox{ did not include ‘c;;n-.-

54 ,ﬁan tion of voloe cireuits with analoy couv cr.,ious 5rto.m l 4 “o a i-egﬁ.oni"
(r”r'o':.,::n/e1~ opm:at" on)s In Ch:a.p‘..e:r: hy m,e intr-od.ucé‘ a.v rzodel of the ﬁmr’xsi—
tlonal mystem 1o be u»ed to exanine cirecult performaace of v.r.‘_au; circuits
of te mo, *m.-:s.' *1‘.,ema1 to the U, Army tactic&i 5,s’tem (i.e.,» incide tnré

Regions T, IT, and III,)
SUKIARY

The thmus t of DDD po.ﬁc‘, iz “'-L Future ta]ﬂcor;ﬁu.ic :..on* systems
will ve eigitol and provide end~to-mnd ;’mcurity. L vlu.tme" m'te of 15 ’.B/ﬂ
‘has ewerged as } the ;':ancn torget o“‘ 'rar,;:lf»‘.., rezlons of tnﬁ Dol Si“,'f%'ﬁﬁ!‘ﬁo_' |

- The ;RI~TAC Architecture is o ‘o*:df'ﬂ ";,;:3‘..'. 4 Qecizn which ‘pi'a" dos
flc:nule‘ s‘,suom oonfig.xra tion treac ii ons In the te cticai“.. ne'%,wcrl’s of ihc

Services. The trancition stratogy is o 1~~-orid one intended to permit
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e, relght, and power st .
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32. f)e ~ent, Defense, "DOS, 4 Ceneral--Pur,oze Comm‘m‘-ﬁoz.,

(]
[5

yoten, " Comman ﬂers Diﬁ'@b Hey 23, 197h, pp., 6-12,

P

33. John H. Jacobsmeyer, Jr., "Trends :

Sysiem Seitching,” Signal Marasige, August, 1975, =l 03,

3, Lee #, Pascholl, “The Role of the Freseount c.m-’ F.ttz.u-e e 1o

L v el 20 e e
£ oLl WS, S“.*,.-.T_I’ ..Mun Yiarph gnTr . I!*C'.

a., . -
.-431;1.'3?‘"} < . Ay P

# ‘ ;
Ion L. Rwyes, "Telesossrvad antinun for =

Sy v s . 4 f
CRagiTa il ATl , -'Jn-x...,; .975; wpe Wil

G
¢
A ]

- " .
' a —" J_'.

7 N e o
3%, TRI--TAC Aol i‘ﬁof wen, ALnesr

u ')ef‘ s6e Cmmn;ai ations

PO TR . L e N ' N
37« Hgroldd A, s.-oui WRT, f“'"g,f,,nmntﬁ.on oy S:...sir baazgenent in

R




‘ ) ELSTIrR [EXY e

-

S A ke e

JJ o aate ‘e o

B

ta
3 e . e .
Ly @ ROECLE

. Sng lumeriae,

]

o 0 demek Imotlag vith MPI“;‘" Cocure VYolen Transiiicn

Draft 2, "’0 parek l,, (e

. ' _ b2, Perconsl o

: 7)1‘: RReN -Oh, B

.;I-fl'.'u. it T -a-&iu.v.’"is:l 1)-'

oy

M TL Y aen ] 4 )-nn }- e, Aoy 3, T 25,

' W I L PR . . L T Y
TOTTAC Mo Totunent, Sua iyste # Iie

R LI T Y T . %
D P FHLN ..',"{’!‘, O 28«

._ .

A..s .L‘\r‘ Ia ..QIL*UOC ua.'f‘ )

1 communitotion with by, Blelesl r*oh,
Contewr, ou Felevowy 5, ivr : no dugl-r

wineering Divwetorate, TRI-TAC Office

1 f’ar By

g L o 2. wY )
cwmnnd Accovi y.....ﬂ ol Lig dunle ped

..,c‘mi cation with Fr. Loven Disdrichsen,

Lo e

] "u"")

- -
Mefanse Cosun 7‘.:.,...,

* h
o] -.,1.‘10’« L C’.- e

azmorandui; J. rLar.".x«ott, Irip %cl; »hr "7 Lo

oruzyy 1975,

F"""h 2 Taveey

10 At m e, Y el
S . Vet

(Tnir; raferance is to Le su

Chief, Bycteus



kc}mfmx 3

AUATYSIS - "OICE THNDENMTIH

In this chapter we focus on the performance of circuits of

tarden liuks ?ewml to the U.5. Arm,; actizal systen. (This Focus ia-

clules Reglons I, II, and IIT in the Alagram of Figure Q,) Ve seek
O ? o ) ,

qixa.nti.ta.tive pciforni:mée estimates for ci:tciits composed of liu}m of |
VD-1€, GVSD;32, I‘PC-2.LL,' and PCP!~U8.' The go’all is to quantify the p'vr
forha,hée' ésti.ma{e': o: circuits for which a ter.’cative assessmc_m't :va‘fs‘ :
offered in Chaf) ter 2 in the discussion of T2 gure £, ‘

LA SUTVey of analytical and exvermen tal rnsults ic praee*rhed,/

isclwding = siuple aodel f.‘cr ShR ealeulationss. fn ang 1yqiv o*‘ tantlcal

cclrcuites iso g vloxme sl to estimate the st iR perf-.‘orm’nce‘ o:E‘ 111{91-" oir-
ouits of up Lo fiv’e :-mc‘r‘m Jink.,.' A brief discuns uiOL. 1le g,wen on tbe '

-~ extension of‘tactical ceircuits into other reglons of the Dol s:.y:stem.

A 1T ..)" JIIU"; = AGALYTICAL AID “XPWRIIJJI:TAL RESULTu

In this section we survey the availak l experimen»al and ana] yti cal

“vesults which 1end insigh’r into haﬁ perfomancc of taxd SI8 Lnk voice eir-

“eults in the wcticcx" sy;.tem. Tl*e* survey iucludes an examina'hion of

US. Ariy TOE, TRI-TAC anelysis, ECON tests end DoD Consortium tests., An

a:bitrary sca.le of r.-ircuit perf'brmance is :‘mtrodhced. Let us begin by ex-

:amnmg, the PCh ”'—’ f‘um?ently In use in the A'_IAGS.

v, 5. Armz PCH

' 'I‘ne "D-‘GO is tne Pf‘il Malt iplﬁ)rtar unployeﬁ in +h= current ATACS.




"‘w e \i ? i;i b:..; ,-;rar..:::;ission l.inks to inte'r'cbonneci analog ’s!-';'i"c,r:hi‘,ng
nodes “ﬁf"‘f " i “ taudom~ ik eircults, Thus, ithé ta.11de:r{;;1g' ;:x;;i‘f c',a.lcr"
of "" kj/s im of vidal hﬁ.erer-:t, -

| The slgnal té noi.é:ce retio (SNR) performance of POU-UE ieé.;r, sna- .
'f{;-'ssr_\d.' and 1'-= surnd hy W olfgang H. Fischkaf at the U.S. Army Eie:’tfonicé
ﬁomme;'nd‘ f'.nv 1””7 ! 11’.<, ‘slot-filter method was used. ‘S-"’?kvnﬂaquréme‘nés; ‘
‘ *:o*e talen 511 POE-13 . i‘!‘t‘dl‘b stz Coli ned between TD-352 Iﬂl’ 1l viule*mm.
T z~ '!‘D—_j'} 5’ wa «h fororunne*' to the Th-2£0, and employed z-."f'unc'hionz-:ll;;
z equivaiént PCY converter. 2 Thus, we adogph 'bhé performence me a.k roments
E *epor*M by P4 scher as the best availetle dot ta 'r'eprﬂ-s nt:-zti&e of £hé |
D660 By, 3 e | o
‘ g',l‘he wred Sx.’R for PM-M3 is plottpd in Pi igure 10 'as a i-“uﬁc‘tion

of input i;igxml lavel (IS'L). 4 Ve adopt the notation thed ’[ (d ,F)

'S

the symhol :f‘or signzl

to noise ratio (the de ,g\,.xﬂent ‘uria’clﬂ) n® is 9
) f‘u‘.‘.o‘tion of 1¢7--&, 'x.‘d of the o a:!nel erToY T, uE‘"“F ;ne mea.,t;er'r‘patﬂ‘
dia hno“(. i.r-.ciude channel exror conditions, se the r‘es'ultc dcs.c'ril,e on] Ve
the qu’:xntizat_iony'noisd 1m;v:,ir.meﬁt Jue to varlation ‘oifl‘.fl.SL ('I‘hm,, ¥2
sui.press; the v:-:.riabie‘? ‘ | _ _ | | o
| Tho naxtmun Sk HR (25.5 dB) oceurs for an ISL of zero a3 (o (0) =
255 dB).‘ Hotlce that as the ISL decreases,#g declirieé‘ o a‘lminizauni of
1248 for TSI <20 0z (M (-20) = 12 aB). (The scale on the sbsciesa of
Pigure 10 was afiuuutod s0 that the peak SNR ocours at ISL = 0, ) |
In 2. subse quen’c ..e"tlou we coupate z.in sstimate of the SiR pe*—

."or'r‘mf* 4‘0“ c-imu.i'h whi.cn ;m.uf'e touden 1adks of :.,M.-'t

e o
L I"T}.C :"21&17313

The Errcx Contrel Arnnex of Lhe TRI-TAC frenitnstiure egtsYlicies
an srror oud{,"" for TRI-TLC sysizic en? deptitics *“"~":- opd '**Mr eoil

trol"proc‘edums- 5 Tne analysiz supporting 't..\o er:co* ”ont'co.. 'k*w.c
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choices includes a theoretical examination of the SNR performance of

delta modulation on tandem-link circuits with digital channel errors.

An estimate of the SNR performance of one link of linear delta

modulation (IDM) is given by the following equation:

7 = 8 + Bb?z Zf...) dg (1)

’L = Signal-to-noise ratio (in dB)

where

fy = Sampling rate (in kHz)
f, = Highest modulating frequency
If we choose f, = 4 kHg, equation (l+-1) becomes:
7 = 8hog,( __—) dB (4-2)
Evaluating equation (4-2) for sampling rates of 16 and 32 kHz ylelds the

following resultss

£, 7
(kHz) (dB)

16 16

32 24

Equation (4-2) was derived by Dr. J. B. 0'Neal for a rather simple
link of IDM. The results may be adopted as an estimate of the actual SNR -
performance of CVSD. This approach is reasonadble because the companding
mechanism of CVSD adjusts the step &ize of the quantizexr to deliver GVSD
performance that is essentially equivalent to 1DM operating with an input
signal of optimum level, _In other words, the SNR performance of CVSD is
near-optimum over a range of ISL of 20 or 30 dB.

Note that equation (4-2) provides an approximation of the SNR
performance (dﬁe to quantization noise alone) for one link of CVSD oper-

ating at a particular sampling (channel) rate. (For delta modulators
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e

SF

the zor . ling =uin - g <~ 1s ccuiv...uan* to the cm‘nnel bxt rate --I,) -

CThun, Lapadviont due to shwunel errors is not 'consiuercﬂ-

fied equativu iz dorived in the TRI-TAC & ).lyuis faich doe

Y
1=
e

weediuy Tor choanel errors. The modified eqguation provides on;.y approxi-~

o

webe vInults vecause the noise due to channel eYToxs i= computar’.'fo:f: &
’si'nuscic‘.al Input '? mal. But the vesults do provide a u-.a"'ﬂ os u:}m.,,r.

IC

the }""fel"h{mc" of oae 1111? of CVSD i tr. channel-exrror iu:pairment. Ti

, 4
EHE i": _‘.‘:,r o Jt" are summvriye" i Table 8, ~

o
o

o

"The r;:»sults" of‘ Table 3 1*11 be u“‘d iy a suL.':fz\r ent section

vcomyw‘“ sty cvt-zuc te of the SHR ;performo,ncc* for circuits which iuc',‘,uﬁ'e’

tu.n"em 13unks Jf CYSD.- 1.6 and CV»D~32.
| Cou.,lde* the Sk R.pe:r.:formance of a circuit' composed of several

Muks tn tndos. Letff; be the syibol for the SHR of the i-th Unk, If

S W0 aszune thot the noise cont.ri‘-autions ots the severzl links ave uncorre-

. la.,,-, Ll'»éu_ the noise adds on a power basis and the circuit SiR may be-

'coml.vx:*-:n(’ as follovs:

= - P ey
Yy
’ . , i=1 : ;
The bar is aﬁdnd under the symbol® as a reminder thé.t' the SR is given
s e pover ratio rm'bher than in dB. The \“ollowmb re.;..,gtion hips hold :
= fo Io‘, ” d8 o
- o : : - (L~1)
n=1""

Bquation (4-3) yields the SHR at the Gu'tpu‘t of a 2ircudt of M links,

. Whera th’* oI{R of the i—th 1ink is’[ ‘E.ub foa (4-b) 1z the ‘réla-'hliok‘n-‘

Cship beiwsen power :ra’r..uo end ¢B.

Tet us 11lustrate the was of g uat-lons (u~3‘) and (4-0) witi o

simple e:{a.nple. Consider a ci.rcui.t of twu links of CYsD-32, - .wune
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Taple 3

) !

BT Ferfora ae of OVED with Errors

fheznnl Rate ; Tink Exvror Rate S "ilm
(ka/e) (errors/Bit) (%) (a3)
1z 0 o 14
1072 2 159
1075 (17) o152 .
10 (1) . 9.8
22 0 _ | ooy
10-2 (2

107 10,0, | 12




~tests. Souwple test words are plaged theough o efroult 2nd n liateniagc

- 7E3a Y zEa
M, = 10 l'o}(:zs,é) = 2'1.;_43‘

Twe links of QVSD-32 deliver & cireuit .>h”? of 21 f}u, a 3435 t‘eﬂroa,

from a orio-link circuit. The 3 42 ch.-.in-*s rasultv f:com a dou .J-.in of the

nolge porer. Simd lurl./, a fou'f‘—limc oircui't of C'JSD--B de 11 ers an SHR

-of 18 3B,

HOON Terts
A soutes of tests of the I,crf‘crn—.,nhc of :71911”:11 voise liuk: wsre

conducted by the Ele ctronics Somrand in 1973, 7 The purpose of tie tests
was to verify the utility of OVED-16 and CVSD -32 fo:‘*u‘m 1n the secure

volce systems of DoD. The tests lavolved tanden linku of C‘X SD and vo- -

Cecders.

The cousonant recognition test (CRT) 35 2 test intended Lo o

Crure the word inmtelll g,ibiu. Ly lerf‘or;r«rxv:z-* ©f & elrcuit., The 08T was deo-

veloped B J. Y. Preunse for ECOH 2 wuo =mployed n the 1973 soxiez of

Iy recoris t.;e rereeived wordm, The P!:a.f"rmn of "-c)'r"re"‘ regronses Ae-
3 , . » ‘ ,

termires the CRT scoxe on a renge of zmero to 190, The subjective de-

m:ciptars Ffor ORT scores are listed 1@ Mable 9. ¥ i note that thin r.;ca?.é
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107 avror:- (I} g7l Pive: farden Links oF AED-32 wiin a9 eerors delivar.

Ve Al bt

ed np D ".' OPT. Theze results For OVSD-32 £al) Lato the I /’G rauges of
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T g \ ‘ ‘ T3 ~ Y
corarn to S5I% ostirsten of I aud N3 a3 respretivels, (S'ec Tovle o)
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o Linkn of CV3D-14 2eliver an 81,0 68T (\"‘) wiLh R0 orvors. :‘tc?ding, 1

TToTn (o onn of the 1inks degradss pexformance by .oout t:.* o points, to

#TLURT (). A elvoulb of four links of QVED-15 'Jelivz-:rr.-'d a h8.& CrT (),
& waruid o well lelow the u-’""‘v avln" throghinld, o

i . s . \ § . . v
Tresie of nuasi-z na...)ﬁ, (moden) 3 anldn over & o L bl ]nlf' of CV3D-1£

or LS. 20 Aeinne *v.-'?.v. v-t. CIsd 1 nel a muitehle ../F.‘ shodque for oon-

141 o Y o & e o » » B -
- ffive rodams domted, o.*._lv two achs

o -
1eed ruy "f‘ sl c-f‘ sueerg, -0

Tho bty of{ CIED In 2 tandem corncotion w"‘h maeriboad Livks

a . i . ; \ . . B . - . ;
nueh no "h'”‘ uuanel. vccodf:r‘ laend Lo thn crouc:].ur:::.au 't;h:_rt the elrouit of
- j . . (.

W
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elreudt of ‘tie Liaks s inferior 4o o one-Tink adyeutt,

oD ¢ lonsortive Toots

P Cgp:-,ow!;'{ .m tasis bave: by ronpleoted ¢ .s’i fhe report of find-

fuzs 3w In coomdiaation dmft form (¢ tim ti; ¢ ol Lids '!'i tag. 11 ape

ircutt of one ik of QYSD-14 ang one En a«
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trexy nenle of pevformuen shoun fn Table 10, Such & macle in subjeotivn,
and reprooegts hlw apindon of +.:m suthor, To erplinsize the ard i s
"!P."l re 0”7 tae eonle, adiochive desor riptors wore selected itlst ave not com-

monly e to .!n.:nfi.)*..';- procdee quuntiile Se

ety ") eireutt ic one with 8iR ro-,ter 'Lh:&n". ¢ dB. 4
bypinud o 'r-r"" s *};;: Bell Synton Qou}.c? deliver il OsR of 30 AT or higher,
T 1* n!-.:, of '.f‘lfz‘ﬁ“l’? r?’nli‘:ﬂ.::' © 21 42 SR, qnd au .‘ffi.v? o f"zc‘\ilmrzi an the
‘ » \ n. ” ‘ '
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L. . L
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the "S" -range possess some margin to suffer additional impairments. '
A "Tenuous" ("T") eircuit 1s usable with some difficulty. Users |
must ad.]ust their speech pa.tterns to epeak slculy and diatinctly. So:ne '
repetition is necessary. Users are unlikely to identify the other talker. |
Such a circuit will not be pleasing to most users. The user's ability to

‘ perceive the nuances and enotional content of speech 1s severely impaimd.

‘ 'I'he circuit has little or no nargin to remain usable ir additional im- i

pairment is suffered. Although "Tenuous", such a circuit is uea'ble and

represents a worthwhile secure’ voice resource. ‘ , (
The scale 1s arbitrary, ;]udgenental. and thresholds should not be
considered precise. SNR measurements and. analytical estimtes ‘display

I ; variations between nethods. Sone pairs of usere nay communicate success-

fully on a circuit of SNR somewha.t less than 9 dB, uhne other pairs’ of

users may find a 10 dB SNR circuit to be unusable. Noting these qualifi—
cations. We employ the acele of perfomnce to aid in an emmina.tion of

“the relative merit of circuits of tanden links.
mm’msis P TACTICAL QIRCUTTS

In this section we -present a tendening uodel of the tactica.l sye- |

| ten the.t is useful to aid in visualizing the ne,ny poesible conbinatione
of circuits of tauden links. An inventory of tactical circuits 15 a.c-j
e complished and enalyeis is pe'rformed' to estimate 'SRR performnee. In-
" pairments due to ISL offsets e.nd channel errors are examined by consider-"

1ng selected emples.

A Tandeming Model

Ve seek to exe.mine the performance of typical circuits in the tac-

“‘tical system during the transition of the 1980’8. The segmented "tennie-




on
4 -4

ol Alumover o0f Ploume p"'o-'i ed one absirach persfeciive of voice toi-

denin Toz Alamgm of F‘ﬁu e 11 disslays 2 sinplified configuration of

whist, e o

represents a sinplified "'smpshot" of a systen layout

e 44
‘ thaf is reasoizile for g wro-c:)rys the,..,wr in the le.te 1930' We assune

) -?.ha,t sheody *"uu"r-r.;,: %311 ke made in fielﬂ:!.nf, 'b'\.c*i"al 1sset to realize
the ‘{'"‘" Ny ohj num-.\ S""‘t
Tha Alan Uﬂd"wh"l"’d nodes represent nodes of l',n HSL aub"'**'l: 2%,

& 14 ¥B/= unetwork ix the division avea serving ST and C!I“? subecri‘bem. :

: "‘t‘o W*v't anguiar nodes ;resent the digital sx-.’*_tching matrix of the Unit
Le'-‘re‘- Suit (UES) or .,h:* TTC-39, The circulsr nodeo 'c'epre'se‘n* LovAre

énalo;; ewitch nodos {e.g., the SIMK of the 'I‘TC-'B,. or the TTG—-"}B).‘ The
tmm‘;alar nodes repre ment ma.uha.l analog switches {2 Wire opérafion}.

'fl‘hce coxn.eé’cibn« ‘oﬂtwenn uode.a are dottnd or vravy'. The dotted connec Liom
repree;e.rt digital tr,mkv beﬂwen digit sw'i.tches. (Note +ha'i', no conver-—'
;iﬁ'ﬁi ﬁo s.inaloi-, iz rs.aquiz:ed along a dr:;+-l'f.=::q p:1+2~ cozmecv...ng di i-t:,l suit cbeu.)
”.J'y!“'ne wavy 6oz;nec'h5.on:; rerrosant a.nc.lo* truwks. - ‘(In genera.l, the a.nalog |
- ironks are provided uclig the PCN-U8 A/D and D/i converters of the - f/o
Fultiplexes, The transmission is digital, but the t*'unkxs are analo- ones
‘conn-':ce'hj.ng a;;mlou 0m‘t‘.cne.“) The slice-of-pie shaped Faus reyres:ent ex-

| Aemsl paths to LATO or the DOS.

Pigurs 11 ic uzeful to zssist 4n v f.,wl“zing the va,viow cjrﬁu*f

| pa’ﬁhs thzfoﬁgh ho astyork, A‘cé,ta.log_‘;' of ‘/a:iodg bi:cuits of tanden 1‘;11!%.::.

may be obtained by inapectibn. The foryc Ou thn left, for example, is

;.-.

equlpped wilk T0-30 '.ltchcu. unit lovel o tcz 5, the MSA subsysien,
ﬂl sital trunking, and DEVT cecure terninals, GIR, FST, snd DS‘IT zubseribers
Cmay te’ connccted by one diglial link if 2 digital trunking path 's avail~

b‘le in the network. If a2 comnection between such usexs is accomplished
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. . . . PURT BT . 'eq 3 ey E .
. Torps on the wignt side of Pigure 11 im oguipped pro 0 dneholy

iR TS Anneta (aceloy, “muiks ond ayite 23), Tander liuks c:f‘ PCI-?-J-.*S
oagulis aad Aianand "‘..:l‘.q;‘.]“‘.’::.”: digital nodes mry e iantercon-

Tr the uert slledntion we oxamine eireuit nff..mr'l

Tootics? Sircuit I.Jre,'v',le:.

Iu this susection we examing iy 1‘-.‘-.0&1 cireuits internc;l to the
tactic? wctwork of Pizure 11, Ve cor ..ider circults with up to siv tanden

ind it e“ If‘!«—lsu GV3D-32, and CVSD-16, The SR yﬂ*" madsiee of guch links

c‘!~

’ '!!.:‘:—xi?.'.‘.r:". Y the previous sestiun s opplicd in this mection to estimale

ok ¥ armzucs,  Oho »;uml oxvors and ISL offcets are -’?Q"'L»:..d{}.!:ud

("' weul i. o

in “"t:"'" Fie it e}"wplw.

fn con -,_rmp “the '..uw‘l'i sed in the discussion of the "™tonnic-~

Ly

w1l model of Pigure 4 in Oyapter 2. A nunber s, resents one link as
 follows:

Type of Link

aveD-14
oVED-32 E v o

POy-bg

i W N s

In ﬂd" masr, (3-2) represents a o*r “’L 5F Ltuo links ~- one c?

3

r"rf‘n~16 and oue of CVSD-32. TIn this b ,b.,tiov we do not Cbr«.- tSer Links

Of Ia.L -.4“/ A . )

- AS an fmtrodvc‘rim te the nethods of ihic s;u'i;*ec*,_on

let uz eou-

d@,. 'l"mc‘e“ lin}m o:P POM-LLT, - P4

e 32 Alsplays the SR at the output
D“.‘ & ci.ECuit of . H li!l:i% cf FCI':""?, ff).‘r‘ I’- = 1; I?-; LI S ”:’ P Threg co‘\_)‘l.ﬁi * 3 o
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' are consldered. | o
The upper curve 1s a plot of the SNR pérformanée assuming 4-wire
switching. - (No ISL offset obtains.) The SNR for M links is conputed

| usins equation (u-B). From Figure 10, the SNR for each 1ndividua1 link

"‘1s 25.5 dB,) For this ideal situation, parfornance renains "Quality". |

| Thro niddle cdrve 13‘ .plotted for 2-wire suitcﬁing,.'for which a
3 dB decrement in ISL occurs at each switehing node . The SNR o_perating
’ : points fox each link are obtained fron Figure 10, and the output SNR com-

| ',',v'puted using equation (4~3). Not:l.ce that the parfomance for 5 and 6

links declines into the “Tenuous" region, v |

: ‘ The lower curve is plotted in a sim}ilar fashion for 2-wire swit-
. ching and an additional 3 dB loss in ISL at each node. (This condition

is a net decrement of 6 dB in ISL at each node, Thio situation would oc-
cur if a wiroline 153'3 of 3 dB exists 1n sach switéhihg -node.) .Notice'

’ ithat performnce declines to "Tenuous* :Eor 4 links and "Useless for 5

_or more links. o ‘ _ | ,

- This discussion of Figure 12 demonstrates the :l.nporta.nce of ISL
variations in tandeu linka ‘of PCH-48, 'I'he performa.nce of PGH-‘&B ma.y re-~
prosent 3 key limitation of tandem-link porformca in the 1980' | |

© Consider the circult of two links of FCH-48 interconnected by a

ﬁii'eline “txunk with 15 B loss (e.g.. a 6 mile wireline) Refer to

Figure 10. The first link of PCM-U8 has SNR = 25.5 dB. Aasuuﬂ.ng 2‘-wire

_ snitching. “the ISL at tbe input of the second link of PGMJ&B :ls -18 dB, =

"«_"so SNR = 12 dB. The output SNR 1s 11, BdB a "Tenuous" circuit. This

‘:example is contrived to ulustrate 8 worst—case situation. Notice that ‘
| the talker could shift the operating point on the second link to a; nore
~ favorable position by speaking ‘more londly, but such act:lon shifts the

B operating potnt of the first link down the other side of the pert‘omnoe
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e, T el s shAS wore accomplished so that the

e anuel (at DGR = 15 dR), then the oubput SHR ic i) a3,

fj"“",—Tﬁ.'i.-:";' Cixoults, "‘no éifcui.tév of ane link have ‘ar‘lrr:-a:iy t-n_ae"ri
.,E'isCaic;';c:-‘: . Iot us :-*.ua.ms.rize. |

‘Cuern comected vy or‘e’ link of FCM-4C enjoy = 2 “quald '.‘i ' eimeuii,
.(3“'3 Lure ."‘ ) Tre peak SI'ZR is 25.5 dB, and performance' declines to
17 4% 3f +ho T3T. 15 desroaned by 20 4B from the nominal. 3at on a one-
D adroutt 1.-11&-:-_‘& Tker mey of mplf spazk louder or eloser to the micraghone
t0 uhiTt ﬁhc Hi o;-ez:'-}i Poh iato the "Quality" reg ‘Lou." el |
: er°l rLU_ adad Y by channel er.rc«rs of ;1 2 “;‘5, tut m..‘ ichennel radio 1;;:1«::;
rorally _wov?rl., s::ti.,facto " error p ..s:fo**:r:ncm ) _‘ |

Usiers .l.inked by G‘ISD—BBAalso enjoi o Q,u;f‘ i‘t;,"-‘;_‘ rgirC1:i:t. -S;HR s: :?.1.!-_“ |

an '.-.:ﬁ’r.l';b.z oYy ow-‘ '\ and performance declirﬁez‘s, on’ly to SD"% = 24,043 “ore* B
:_»'_.'"'or rates o hiéh o3 1 The 1ink rerains s “-f uali*,,r * bné over 2. wide
rer @ of 131 due +o thss _adaptive cémpanding ofF OV8D, “Péri“érmance degradps |
*Q‘.z;. "Ténu’-:u::," SIR -~ 12 a2 for a 1072 erron :r'a.'!'.e:.'b | o o

e, 11.11!*:96! by OVSD-15 obtatn a ""‘m*r.ai'"' ¥ o3 reuit o“ S’"'{ ~ 14 dﬁ;
Ty r)n"-adh ﬁé'-*f‘ormnce to SHR - .7 @B for o '1% nrmr rate,’ and to |
-5 - ".""B “:»r a 107 exror rate, i‘erfo;é:.:*nch *z ecoontially m:c..?m,;wi |

0¥ 2 wide rogue o T8L,

-

""'3 Lk Oireuits., e “monsidey acitd Lis "r,*!o‘fz:;' cf"’r,hre-e types of‘

Tinks (.,'f N-i%, 0Y3D-32,z0d FCM-EE) oxve .,e;v" 3i ‘.-.nzﬁr ns of *"o 1
Tirve nin

‘.(3 + 2 — 1)
-(3 -1} :_-2

'.,u o r-c)r».,in.,tions. Thc ’r.a:xdv.‘. ﬂom,;.na uiun:. nen 1inted o Toble 31,

. 24
he 3 v,

cvonn e f'ﬂ. ronee . 11..1.-'::. in
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Table 11

 Cireuits of Two Links

#

Tieoain 1= Such Output Sif 4B ORT 1f
forposition a Circulit {Descriptor) Knowm
Likely? L | |

A (S N io 7 13 (") 8.8

? (L) o S50 (") Blr. 1

3 (1--11) Yos 15.5 ("s") -

b (e-n) Yo 2 (") 25,2

5 (2--4) Yes 217 {"") -

£ (h-0r) "_}gs 2?.5 {"2") -

Hqa T s

bl
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e weoTioisty,)  The fourth columa sontatns mn out ﬁ.p.u, SiR perforpanne
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ev s b Radts

cealuin Mints the ORT zeors, 1T available fron the BOOM tosts. I.o h« 'Lh

the panfoepsres ‘}..‘.r-:*!:.o’f" fn Toxle 11 is nominal; inpa.irmma’-z due to r::hanne}.

errars ‘.-u"' T“" o°fs0ts am noo conzidored.

Mreult 7ielde jerformamce at the ("0"/"$"} boundory ( 3R = 13

A3). el @ eimeutt nry bo svoddef in the tantical system if & dirital

Intorface s nceonplisied heotwsen CHR nnd 1..»'«15;;;‘:;5;‘3:‘.5-5«;, and i the Auel-

rate method in iz;;:l';,:m-,‘;-,.,‘,l el the 32 k:}/ nu’ hcmmmcl ;;y:s‘f.e:n ‘c-om‘rlz":, .

(’: won noted i.: Cha '*t"_ if these twro 004161’.....(‘1;1": a. - wat, tihen di.c i.
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[34 )

'l'glva] Qiuks are io.#.,ible bﬂ*t"-en 21l DSVT I'fST, :-uxﬂ CISR USers —-— gro-

Vidad ‘,‘1.1 A di,_,it‘ al im.ux!'in;; T "th is iz‘ra- .'Ja‘w The proviso may ke r.:e’r.

AT

by slloestion of dig,ital tr:.m.,.,.ia,ﬁton resources,; i conc"‘ that cir-

Wy

2wt i1 showld Le :wolded, iz gﬂscible by uircctl.s cormec‘l‘in(, users Wiﬁh,

‘one 1..:;!!) {C1eou b HL and #onay ocour dn conference convections i€ an

v T o Yyam q iyee ' : o
anales beidoe io f.‘a.l,,.-.O},".w..) : , L ‘

Cirault i2 yields SiR = 5.5.'# iE (’fS"). Such a ci*cu i1 may be

S avoided "‘:“ *hﬂ ~ondi+ion discussed "or eircult 4 :, 1 a*e m‘. he © A oncé-link

14 I’v/ conuect m would ohdrin,

f‘ircui‘li :'."‘3 (sip = 15,5 a3) w1l oceur ou connections b@twenn ,.1.!?./

HED umers and analoy u.:e:cs‘ thail rre one I‘C}ZJLS trank distent Crom 't‘ne ans~

Coodeg dnterfene pointh, o

Clrenlt v(ouR = 21 43) showl? wo - cerur iu the tucticesl :v.ys'tcm,

- ...

"r,,cr. '9 an .mh(,v-mct" i ,,r,r» nonvvr.,u.ou o zaslog o tnnecessary (and un‘riesir—-,

able) on o d.igi'!,al ;;auh. The coucntlon clould e .c».anr;i hed L as g Rirest
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Circuit #5 (SNR = 21,7 dB) will occur on connect:lons between DSVT : L

users and analog users (that are one FOM-48 trunk distant from the analog
1nterface point) o | ' '
Gircuit #6 (SNR = 22,5 dB) is a common one between a.nalog users,
To sumna.r:lze Tadble 11, in the absence of additional 1npairments
all likely tuo-link circuits are "Suitable” or "Quality.“ Gircuit perfor- -
mance is enhanced if (1—1), (1-2), and (2-2) connections are a.voided (1.e_.,
| " replaced by direct links). | Ty
“  letus conaider two-link circutts that 1nc1ude channel errors
| a.nd ISL offsets. We select several sets of operating conditions for
| tillustration. The condmons and the results are listed in Table 12,
'l‘he sequence number in 'the first colum is keyad to Ta.ble 1,
and the letter which followa ldentifies the particular circuit 1mpa.1r~ ’

| nent conditions selected for illustration. ‘I‘he channel error rates a.re

listed pai.ruise in the thizd column i.n the same oxder as the links are -
listed 1n the second colunn. s.'unilarly. ISL offsets are listed pair~'

" wise in the fourth colum. Output SNR is shown 1n’ the fifth column,

C:u:cuit #10. shous tha.t a 1% error rate on each of the links of
' Clroutt #1 leads to an SNR = 12.2, a slight decrease. Gircuit #22 has
‘ '10% error rate on each link resulting in SN'B 6 8 ("U")

Three~Link circuits. There are 10 circuit conbinations of three -

 links composed of CVSD-16, CVSD-32, and PCM-48, The performance of. these

j c‘.lrcuits 13 listed in Table 13,

circuit #12 will ocour on connections betueen GNB/IST users n
| different MSA subsystens which are not 1inked with digital trunking. )
V',“Such a curcuit has order (1-4-1), 12 |

circuit #15 will occur on connections between DSVT ueere accom-:‘

plished on an analog trunk of PGM—#S ~Such a circuit ha,s order (2-4-2)
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- Table 12

e

Teo-Link Qixenits with Im*:mirs:gn‘t-s

Boraaid - Chanael Ervor IST Offset  Cutzul SIR 42

foi onition Rate (B) { =93 ) . (Deseriptor)

) 1,1 | R .(’9 -("}"r"'} |
(4) [io, 10 | - L8 (e
{1-2) g o 1 L (s

'(1;_1.;) o 1 o | | c,b ‘.‘-J!:.i | ,bA("s")
‘(1—1‘!-') | 10,‘;0 - of,‘é o . _9;’!'1 (")
(2-2) 1,1 e se (g
(.'-t-'é?)" 10,1 ' - | ,';1.6 7'(""1’,").
(2-1) 1,0 0,6 8, (q)
(’P~?-kf') | o . 0 | 0,6 : - 19.3 | (")

,(l.j.-.'}:.) - 0, ob : v 0’18 | '.‘11.5 iyv'(vnl-tn) v
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Cirnuits of Five I.ixx’é:s
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is 2 factor‘in tendem-link 3 serforrance i level offsets occur. Corn-

clusionz end vecomneneation- are biven in Ch” er 5.

e

‘ ”he an“1;s1s in tkls :ubaect¢on does not rrove that s tisfzectory

’perf‘rmance‘wili be obtzined on the circuits eranﬁneé. Rether, the zna-

"“l5sis ovidee a useful estinate of releiive performance,

One important actov not couu-ke:ea in this section is confer-

encing., I an analog bridge is implemented to accomplish conferencing,

bthehféne additi onel tendem lﬁna is inciuded in ezch conférence éircuit‘
'ﬁath; Such cperation oulrq *esnlt in z2@itional "Teﬁuéus“ égd."Uséless"
‘confere ice paths. One 1ntere sting alternétive to'analog-bridge‘confer-‘v
:etéing ic push-to-talk (halffdu;iex) ope ctior w th 2 “oﬁe¥to—;£ny"

U (b-wire) digital-switching mairix es uhe conference brid dge.

EXT“KSIOY° C? TACTICLL CIRCUITS

»Iét us cohsider the éxten ion o’ tactlcal circulus irto othe*

regions.of the overall DoD Systenm. Recall the discuss*on o* interope*-f

7ébiiity between systems ih Cha*te* 3.

The preceﬂing section focused on ‘the (U S. n*ny) land besed,

tzcticel system (1. e., “ebio‘s I, II and TIT of Figure 9). Circuit
which exit Region I encoded 2s CVSD-ié r2y be extended'ihto Regions V

" and VI without suf e*ine additlonal tanﬂem¢nb imra¢*ment.

Assuning the availsb 111ty of die,ital tmnking, 2 CV“D user in

Régicn I, II, ITI, or IV mey estz lish L circu*t oP two links wit h ar

LPC-2,b ﬁéer iﬁ Regioh'IV or_VII. Thus,:sy uem-uide *nterogerabilitb
'"’of;secure vé 1ce userc obiains in Rebions I th*oug VII % £ the (1-3) cir-

ecuitvis sa tisfactovg.‘ Test *esults 1ndicute that the (1-3) ci*cu"v |

W(CV°D -1£ in tenden with LP ~.4) is accer table if channel errors a*e not

‘excess;ve. One may speculate th¢t such CVSD~ 1c links may be erterded
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FINDINGS

In this chapter we detail t.he conclusions of the research, offer

recommendations, and summarize the study.
. CONCLUSIONS

This section has five subsections. First, we examine the U.S. Army
System. The apprc;ach is to mtarpret the SNR performance results of Chap-
ter 4 to determine if isolated subscribers will exist in the system, and
to draw conclusions which relate the occurrence of tandem links to the
xellability of voice performance and the capability for data commun:lcations.

In the second subsection we broa.den our perspective to cmbider the
overall DoD System. The discussion makes use of the SNR performance re-
sults of Chapter 4 to examine the question of mtezoperabiiity between
systems introduced in Chaptexr 3. '

In the thind subsection we exarine secure voice conferencing. The
fourth and fifth subsections contain technical and tactical observations
respectively, A l . -

In the sixth sﬁbseciion we 'sumu':arizé the conéiuéions of the Qtuﬁy.
A discussion of conclusions is given; a concise summary is stated; and the

detalled conclusions are listed.
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The U, £, Army System

In this subsection we interpret the performance results obtained .
in Chapter 4 for circuits internal to the U.S. Axrmy systen,

Circuits internal to the U.S. Army system of the 1980's will be
composed of tandem links of CVSD-16, CVSD-32, and PCM-48, Let us examine
the calculated SNR performance results detailed in Chapter 4, The SNR
for circuits of two, three, four, and five links are given in Tables i1,
13, 15, and 16 respectively, The numbers of circults that fall into each
of the four ranges on the arbitrary scale of performance are listed in
Table 17, The column labeled "Two Links" summarizes the results of Table
11; there are three likely circuits of two links; "Quality” performance
is delivered by (2-4) and (4-4) circuits; a (1-4) circuit delivers “Suit-
able" performance.

Note that the performance results summarized in Tables 11, 13, 15,
16, and 17 urovide an estimate of performance due to quantizing impair-
ments alone, That is, impairments due to channel exrrors, level offsets,
acoustic backsround nolse, and noise corruption at analog tandem points
are all ignored. Thus, these results may be considered to represent an
upper bound on circult performance.

Various examples of circults with channel errors and level off-
sets are given in the discussion of Figure 10, Table 8, Figure 12, Tables
12 and 14, and in the discussion at the bottom of page O4. We may con-
clude that channel errors, level offsets, and noise contributions at
analog junctions are important factors in circuit performance. To aid
in the discussion, let us assume that impairment due to these (more or
less) unpredictable effects will typically degrade the circuit SNR by
0.5 to 3B per analog junction 1ink included in the circuit, 1




Table 17

Distribution of Performance of Iikely Tactical

Circuits (of One to Five Links)

Performance One Two Three Fouxr Five
Description Link Links Links Links Links
"Quality" 2 2 3 3 4
"Suitable" 1 i 2 2 2
“Tenuous" 0 0 1 1 2
"Useless" 0 0 0 0 0
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We note that the circuits rated as "Tenuous" in Table 17 are

rather likely to become "Useless" due to additional impairments. The
“Tenuous" three-link circuit is a (1-4-1) path (#12 in Table 13) with
12,8 dB SNR, so additional impairment of 3.8 dB or more renders the
circuit “Useless.” The "Tenuous" four-link circuit is a (1-4-4-1) path
(#1 in Table 15) with 12.5 dB SNR, so additional impairment of 3.5 dB
or more renders the circuit "Useless.” The "Tenuous" five-link circuits
are (1-4-2-4-1) and (L-4-4-l4-1) paths (#55 and 56 in Table 16) of iden-
tical 12,3 dB SNR, so additional impairments of 3.3 dB or more renders
either circuit "Useless."”

Observe that the four "Penuous" circuits are all variations of
the same catagory; that is, two links of CVSD-16 interconnected by com-
binations of CVSD-32 and/or PCM-48 (i.e., (1-( )-1) ecircuits). Refer~
ring to Table 11 we note that the “Tenuous” tno-iir;k circuit (#1) is a
(1-1) path (which was judged to be unlikely) with 13 dB SKR, so addi-
tional impairment of & dB or more would render the circuit "Useless."

The four likely "Tenuous™ circuits result in “"isolated" sub~
scribers in the system. We define a pair of subscribers as “isolated”
if they may only be connected by a circuit which is "Tenuous” in the
absence of additional impalrments. Such a definition is reasonable be~
cause the probability that a "Tenuous” circuit will be rendered "Useless
(due to additional impairments) is unacceptably high. Another point of
view is that the performance margin available on a "Tenuous" circuit is
not sufficient to provide reliable service to the user., Still another
viewpeint is that even if such a "Tenuous" circuit is useable, it should
be avolded as a matter of routine. 2 1et us agree to apply the label

"isolated” to any pair of users comnected by a circult that is "Tenuous"
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due to quantizing nolse alone, -

4 helpful interpretation of "isolated™ user pairs may be gained
by thinking of the additional impalrments as a random proocess, The ad-
ditional impairment on a particular circuit 1s a random variable which
is a function of all the independent random phenorena along the signal
Tath that affect performance. ‘

The notion of the random nature of circuit performance is illus-
trated in Figure 13. The curves represent thé probability density func-
tion (p.def.) -f("(,- for selected circuits of one, two, three, fouxr, and
five links (parts (a) through (e} respectively). Each p.d.f. curve il-
lustrates the frequency of occurance of a circuit as a function of SKR-7.
The ordinate represents probabillty of occurance. ' We may think of PE)
as the density function of a given circuit at different times ( e.g., a
fading circuit, or a circuit that degrades at night); ox, we may think
of ﬂaas the density function describing the various possible circuit
paths at a particular time. |

The curves sketched in Figure 15 illustrate the concept of +the’
variability of circuit performance due to random impairments. (The
shape and extent of the curves represent the opinion of the Author.
These random impairments are very difficult to quantify, and extremely
difficult to measure in a meaningful way. 5 ) The circled point at the
right-hand extreme of each of the curves is the upper-bound SNR pex-for-
mance which results from quantization impairment alone.

The one-link circuit (of CVSD-16) illustrated in Part (a) of
Figure 13 displays a narrow range of variability (i.e., the p.d.f.
curve is narrow). This is true because there are no intermediate analog

tandem links in the circuit which may contribute analog impairments.,
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The variation in SNR performance is due to the channel error rate. Such
a link remains "Sultable” for exrror rates as high as 1% (refer to Table 8).
Note that such a link may become "enuous" or “Useless" as the error rate
increases.

The three-link circuit of Part (c) displays a wider range of vari-
ability. The wider range is descriptive of such a circuit because ‘the
performance is vulnerable to additional impairments due to noise, offsets,
and nonlinear effects. The area under the ped.f. curve is unity, so the
fraction of the area which lies to the left of the 7 =9 dB line is the
Probability that the circuit performance will be "Useless." We note that
as additlonal links are added to the circuit the p.d.f. curve becomes
more broad and the probability of “Useless" performance increases.

The discussion of the results of Table 17 and Figure 13 leads to
the following conclusions

Conclusion #1. Pairs of users which are connected by a circuit

that includes two 1links of CVSD-16 are potentially isolated. Such
circuits should be avoided.

We note that such circuits may be avoided if digital transmis-
sion connections are provided between communities of CVSD-16 usexrs., If
80, direct one-link circuits are possible.

Selected examples of circuits with additional impairments were
considered in Chapter 4. The discussion of Figure 12 demonstrates that
user-pairs in the present ATACS system may be isolated due to level off-
set impairments. Links of PCM-48 are vulnerable to such impairment be-
cause of the twin-psak SNR versus ISL characteristic illusirated in Fig-
ure 10. The performance of circuits of tandem links in the transitional

system of the 1980's will be affected.
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Conclusion #2. The SNR performance of U.S. Army 48 kB/s PCM is
sensitive to input signal level. This fact is a consideration which"
affects the versatility of employment of PCM-48 in tandem-l1ink cir-
cuits in the transitional system of the 1980's.

The Jjudgements in Chapter 4 of what tandem-link circuits are
“likely" in the 1980's were based on an optimistic point of view., That
is, an implicit assumption was made that the interoperability solutions
(such as the "Dual-Rate" method) will be implemented within the U.S. Army
system, If such solutions are implemented, then the system design For
the 1980's is manageable and does not cause isolated user-pairs.

In contrast, suppose an amalog mode of interface were implemented
to connect CHNR subscribers to the switched network. The impact of such a
cholce is that a circuit from a CNR user to any other CVSD-16 user
(another CNR, and MST user, or a CVSD user in the DCS or Navy System)
would include at least three links, two of which are CVSD-16, Thus,
such user pairs would be potentially isolated. The point is that such a
system design choice would guarantee that certain user-pairs would be
isolated. 6
Conclusion #3. The design for the U.S, Army tactical system of
the 1980's is workable, and incorporates interoperability solutions
which, if implemented, will avoid the occurrence of isolated com-
munities of users.

The analysis of tandem-link circuit performance detailed in Chap-
ter 4 is based upon a simplified model which incorporates SNR as a nea-~
sure. Such analysis 1s useful to estimate performance, but many factors
Present in an actual working system are ignored in the simple model,

Thus, further testing is necessary to determine what circuits of tandem
links should be permitted in the system of the 1980's., The resulis of
such testing will be helpful in the design of the switched system routing

protocal, and will provide useful guidelines for systenm layout.,
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Conclusion ##4. Further testing of the performance of tandem-1link
circuits should be conducted to determine the utility of connections
which include combinations of CVSD-16, CVSD-32, FCM-48, and analog
linkS.

As 'fhe transifﬁoﬁ progfesses during the 1980's, digital switches,
transmission, and user terminals are fielded. As time passes, an increas-
ing fraction of users are equipped with digital terminals, Concurxently,’
the switched network becomes increasingly capable of providing direct
(one-link) circuits to connect digital users. Thus, as the transition
proceeds, an increasing fraction of user pairs are capable of establish-
ing a direct circuit. (On such a direct path, the information signal
remains in digital form from user to user,) Two observations follow;
one relates to circuit performance, and the other to data communications
capability.

From the discussion of Figure 13 it follows that the variability
of the pexrformance of voice circuits is decreased as the occurrence of
tandeming 1is decreased. That is, circuit reliability is enhanced by min-
imizing the occurrence of tandeming.

We note that user-pairs that may communicate on a one-link cir-
cuit gain a direct digital path from user to user, Thus, such user pairs
may pass data communications. This fact appears to represent an iinpor—
tant communications xesource. ‘Early in the transition period, usexs
that require direct data communications must be equipped with data modems.
(which convert the data signal to "quasi-analog” form). The modem permits
a 600 or 1200 B/s data path to be established on an analog circuit. The
use of PCM~A48 and CVSD links on such a path leads to uncertain perfor-
mance of data modems. (For example, dedicated circuits may be required

to gain satisfactory modem performance.) In contrast, note that user
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plrs served by a direct link may convey data communications at 16 or
32 kB/s and no data modem is required, The contrast in capability is
striking, One page of facsimile data, for example, would be conveyed
27 times more quickly on a 16 kB/s link than on a 600 B/s circuit. In
addition, we note that the growth in data communications capability oc-
curs without additional cost. The capability is inherent in the sexvice
which the system provides to digital users.

Conclusion #5. The transition of the 1980's should be planned
and implemented to minimize the occurrence of tandeming. Such an
approach accomplishes two positive results. First, the variability
of voice performance is reduced, so the rellability of user service
is enhanced. Second, to maximize the fraction of user-pairs that

my commnicate on a direct link results in a significant increase
in data communications capability.

The DoD System
'Let us broaden our perspective to consider the overall DoD sys-

tem. The discussion of “interoperability between systems" which begins
on page 66 includes a global point of view in which the overall systen
1s considered to be the union of various regions (see Figure 9). Rach
backbone and access reglon of the system represents that transmission

and switching network and commmity of users that are equipped with the

- "next~generation"” of hardware, Thus, each backbone iégion is a homoge-

neous digltal network that provides direct one-1ink circuits to backbone
subscribers, As the transition proceeds in the 1980's, an increasing
fraction of the total system 1s converted to the configuration of Figure
%

The "Dual-Rate" method of interoperability is now being planned
and implemented to operate at each of the system boundaries Joining 16
kB/s and 32 kB/s reglons. The method permits circuits which originate in,

traverse across, or terminate in a 16 kB/s xvegion to be established as
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direct (one-link) circuits (at 16 kB/s). If such a method of interoper-.
ability is implemented then all CVSD subscribers of Regions I, II, III,
V, and VI may commmicate on a one-link circuii.  Thus, voice perfoxrmance
is reliable, and direct data communications is possible.

Conclusion #6. The system designs of the various reglons of the
overall DoD system are converging towsrd a common target. The tar-
get system is a 16 kB/s digital transnission and switching network
which provides one-link circuits between CVSD subscribers. Such a
system contains no isolated subscribers. Voice performance is reli-
able and direct data commmications is possible.

Some secure voice subscribers of the DoD system may not obtain 16
kB/s access, but must access the system over a narrowband analog channel,
Tl;e channel rate on such channels is limited to 5 kB/s ox less. Thus, a
need exists to extend secure voice service to narrowband users.

A Tesearch and testing effort cooxdinated by the Dol Narrowband
Digttal Voice Consortium is focused on selecting a single narrowband dig-
ital voice terminal for use throughout the DoD system foxr those users
who require narrowband service. The candidate terminals include channel
vocoders, and LPC. vocoders (among others). (We have adopted the label
“LPC-2.4" to tdentify the narrowband terminal which will be selected.)
The test results indicate that the two-link circult composed of one 1link
of LPC-2.4 and one link of CVSD-16 is acceptable if channel errors are
not excessive,

To facilitate the discussion, let us assume that one link of
LPC-2,.4 degrades circuit performance in approximately the same measure
as one link of CVSD-16. Thus, one link of LPC-2.4 is "Suitable," A
two-1ink circuit of CVSD-16 and LPC-2.4 delivers performance which falls
approximately at the “Tenucus/Suitable" boundary. Such a two-link cir-

cuit 1s useable, but has little margin to suffer additional impairments.
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We conclude that LPC-2,4 and CVSD-16 users are not isolated from one
another 1f a two-link circuit can be established (and if additional
impairments are suitably small).

Conclusion #7. A viable architecture for DoD secure voice may
be based on a 16 kB/s backbone system which provides direct-link
clrcuits between CVSD subscribers and which provides narrowband ac-
cess by LPC vocoder users. In such a system, circults between sim-
llar subscribers (CVSD or LPC) are of one link, whereas circuits
between dissimilar subscribers are two-link ones. Further testing
should be accomplished to verify that the LPC vocoder to be fielded
may operate successfully in tandem with CVSD-16.

e may describe such a system as a uniform 16 kB/s digital sys-

tem with narrowband (LPC) access. Such a system displays inherent in-
tegrity because any secure voice user may communicate with any other

user,

Conferencing
Conferencing 1s a user service that permits three or more sub-

scribers to join in the same vo;Lce conversation. To provide such ser-
vice the various circuit paths must be intercomnected at one or more
"bridge" junctions., The traditional method of conferencing is an "ana-
log bridge." Such a bridge interconnects all conference circuits at a
common point (on a two-wire ;fmalog basis ).

The design of the TTC-39 sﬁitch mcéipo;%ates an analog bridge
for conferencing. 7 Such an approach adds one additional link to each
conference circuit path, The analog bridge approach will rermit satis-
factory conference service among the CVSD-32 subscribers of the multi-
channel system. In addition, cne (VSD-16 subseriber may be included in
such a conference. But notice that if two or more CVSD-16 subscribers
are included, then the intercomecting path is a circuit (of two or more

links, two of which axe CVSD~16) that is “Tenuous," and potentially not
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usefuls Further, if both CVSD-16 and LPC-2.4 users are included in a

conference connection, then paths occur which include two or three links
of LPC-2,4 and CVSD-16 (“Tenuous” or “"Useless” paths).

Conclusion #3. A method of secure voice conferencing should be
adopted which does not add an additional 1link in the circuit path,
One such method is a push-to~talk (half-~duplex with interxrupt capa-
bility) approach with a four-wire “gne-to—ma.ny" digital switching
matrix as the conferencing bridge,

Technical Observations

The results of Chapter 4 demonstrate that the irregular SNR ver-
sus ISL characteristic of FCM-48 is a factor which affects the perfor-
mance of tandem~1ink circuits, CVSD includes adaptive slope companding,
a technique which leads to a SNR versus ISL characteristic which is
roughly "flat" over a range of ISL. But, how wide a range? The range »
1s deternined by the choice of the slope companding ratio (a design
choice). The current design incorporates a ratlo of 12 to 20. The use
of a voice-actuated gain adjustment device (VOGAD) may further extend
the dynamic range.

The point of this discussion is that the SNR versus ISL perfor-
mance of CVSD is a key determinant in the pexformance of tandem-link cir-
cuits. The design of the CVSD implementations to be flelded in various
equipments (e.g., the CNR, the DSVT, and the IMU of the TTC-39) may
include differences of use of VOGAD, slope companding ratio, optimum
ISL, and filtering. Swuch differences may affect both end-to-end rex-
formance between non-identical terminals and the performance of tandem
1ink circuits, Improving the companding design may permit improved per-
formance in circuits which include links of LPC and CVSD.

CVSD design improvements might be incorporated in the initial
productlon version of some equipments, and retrofitted in others, In-
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proved algoxithms that are not end-~to-end compatible with CVSD should be

avoided; otherwise an avoidable “tandeming boundary" would be created
a .

The varlable chamel rate strategy summarized on page 64 1s a
terninal-oriented approach in which a1} secure voice users would be equip-
ped with a terminal capable of various channel rates (e.g., from 600 B/s
to 16 kB/s). The idea is that the terminal could adapt to a mode of
operation at a bit rate that may be accomplished on a particular circuit
paths In stressed transmission or network conditions the terminal could
select a low rate (600 or 1200 B/s). In unstressed conditions the higher
rate would provide improved quality, Such users could operate on an end-
to-end digital basis (i.e., on a one-link circuit).

There are several uncertainties and apparent disadvantages to the
variable channel rate proposal. First, the conplexity of such a terminal
is greater than that of LPC, It sesms unlikely that such a terminal may
be produced in the early 1980's which will meet the difficult size, weight,
and power constraints of the manpack, tactical user. (Terminal cost is
a related issue.) Second, the approach has implications that reach far
beyond the terminal design. Adaptive channel rate features would be re-
quired in all the transmission, switching and system control hardware to
be fielded. These fundamental system design implications may not be in-
corporated in the TRI-TAC hardware now in development unless a significant

delay is imposed.

On the other hand, the central idea of the variable rate strategy
might be incorporated into the narrowband terminals to permit operation
at several rates (e.g., 1200, 2400, and 4800 B/s), depending on the avail-

able channel rate. The signal format could be constructed in a very sim-

Pl way, so that the 2400 B/s signal is a subset of the 4800 B/s one, etc.
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Thus, improved performance might be gained on some circuits, Including -
tandem links with CVSD-16.

Tactical Observations

The tactics, doctrine, and organization of the U.S. Army are
evolving toward increased centralization of resource control, This
trend generates new requirements for responsive, flexible teleprocessing
and telecommunications.

The “new tactics" depends upon an integrated intelligence system
to permit the commander to "read the battle" quickly, and upon a respon~
Slve command and control system to permit rapid concentration of forces
at the decisive region of the battlefield. The doctrine to guide the
Joint coordination of combined arms to implement the “new tactics" 4is .
incomplete. But it 1s clear that responsive telecommunications is one
nhecessary component of the evolving doctrine.

The Echelons Above Division (EAD) ormanizational structure imposes
increased reliance on responsive long-haul telecommunications, Similarly,
Tecent structure changes of logistics organizations (e.g., the Direct
Supply System which emphasizes “throughput distribution") cause increased
reliance on telecommunications, |

The trend is clear. Responsive telecommnications needs may in- ,
crease steadily over the next two decades. Secure voice and data communi-
catlons resources are the key user capabilities needed to satisfy the po-
tential new requirements,

The growth in digital communication needs (both secure voice and
data) is related directly to the limitations of tandeming in the transi-

tional communications system of the 1980°s,
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The uniform diglital structure for secure voice provides direct
(one-1ink) circults between user pairs. Thus, the reliability of secure
voice service is improved, and an additional data communications oapabil"
ity is available,

i hotice that the uniform structure is not sensitive to detailed
knowledge of the needline requirements. As new needlines are created,

the systen may satisfy the new requirements without a change in structure.
The allocation of transmission link capacity may be adjusted perlodically
to match the actual traffic patterns,

The insensitivity to needlines is a dimension of flexibility of
operational capability that appears to be very important in future combat
operations. Our ability to define the needlines required in the 1980°'s
and 1990's" is modest. New weapons systems, tactics, doctrine, and organi-
2ational structures are certain to appear in the next two decades., We may
only speculate today about what telecommunications needlines willl become
requirements in the 1980's and 1990's,

Acknovwledging the ability of the unifornm system to satisfy new
needlines in a responsive manner, we obsexve that one figure of merit
which describes the utility of the tra.nsi'tioha.l commmications system is
the number of user-palrs that may accomplish one-link circuits,

Conclusion #9. The capacity of  the transitional system of the

1980's to satisfy new needlines will be enhanced by maximizing the
number of user pairs that may communicate on eircuits of one link.

(Noticti that thls conclusion is a restatement of conclusions #5
and 60

The interoperability solutlions now in planning provide transparent
interoperability at the various system boundaries in the overall DoD sys-~
ten, Such interoperability permits direct one-link circuits to traverse

the boundaries, Thus, the occurrence of isolated user commmities is
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avolded. Cost and schedule trade-offs may be proposed which would imple-.

ment a system configuration which does not incorporate the interopexrability
solution at one or more of the system boundaries. Such a decision would
result in isolated commmities of users and in decreased flexibility to
satisfy new needlines.
Conclusion #10. Any system proposal that would not permit one-link
circuits to traverse a system boundary should be carefully considered

in terms of the commmities of isolated users and the decreased ability
to satisfy new needlines that would result.,

Notice that the interoperability solutions are not nmerely techni-
cal details that should be resolved by engineers. Rather, the solutions
implemented will directly determine the capability of the commmication§

system to support combat operations.

Summary
In this subsection we present a two-page discussion of conclusions,

a concise summary of conclusions, and a listing of the detailed conclusions

of the study .

Discussion. The performance of circuits in the DoD telecommunica-

tions system of the 1980's is dominated by the influence of tandem links’ of
digital voice, Both clear voice and secure voice rerformance is dependent
on the nature of tandem links arranged in series to interconnect subscribers.
The various links that may be traversed in the hybrid transitional system
include analog links and digital links of PCM-64, PCM~48, CVSD-32, CVSD-16,
and LPC-2.4,

Both CVSD-16 and LFC-2.4 deliver performance that allows little
margin for additional impairments, so that such links offer little versa-
tility in tandem connections. PCM-48 and CYSD-32 performance provides ad-
ditional versatility in circuits of tandem links,
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In general, circuit pe.rformance is inversely related to the number
of tandem links connected in series. Thus, to minimize the occurrence of
tandeming in the transitional system will maximize the pexrformance of
volce circuits,

The system transition plans of the Sexrvices and DoD Agencies are
converging toward a digital objective system that will provide direct
digital 16 kB/s links between subscribers. . Such direct links avoid tan-
dening impairment and provide secure voice users the ability to pass data
communications. Because the backbone system may be traversed without tan-~
dening, the extension of secure voice circuits into the narrowband access
regions of the DCS and the U. S. Navy may be accomplished on a two-link
connection, If the two-link circuit of CVSD-16 and LPC-2.4 is satisfac-
tory, then narrowband access subscribers may commuicate with all CVSD-16
users served by the backbone system. Further, if “through-trunking® capa-
bility to convey 2.4 kB/s signals is provided by the backbone system, then
LEC~2.4 access users could all be interconnected on a direct link. In
such an objective system, satisfactory secure voice circuits may be estab~
lished between every pair of users. For these reasons, the 1973 policy
focus on 16 kB/s secure volce may result in DoD-wide 1hteropem'bility
in the future system,

The system plans of the U, S. Army, TRI-TAC, and the DCS incorxrpo-
rale the Dual-Rate method of interoperability at varlous systen bonn-daries.
The method is a workable one that permits direct digital comnections to
traverse the boundaries joining the (16 kB/s) MSA subsystem, the INTACS
(32 xB/s) multichannel system of TRI-TAC assets, the (16 kB/s) U. S. Navy
system, and the (16 kB/s) AUTOSEVOCOM of the DCS,

The U. S. Army system during the transition is a hybrid one in-




volving tandem links of PCM-48, GVSD-32, and CVSD-16. Pairs of subscribers
in the system will be isolated if an excessive number of tandem links is
required to establish a comecting circuit. The planning of the system
configuration during the transition should incorperate the goal that tan-
deming be minimized. )

The performance of PCM-48 1is sensitive to ISL. This fact is a
consideration which affects the versatility of employment of PCM-48 in
tanden~1link circults. Further testing is necessary to establish what
combinations of CVSD-16, CVSD-32, and POM-48 will deliver satisfactoxry
tandem-1ink performance.

Concise Summary of Conclusions. Some isclated user pairs will
exist in the hybrid transitional system of the 1980's. The occurrence of
isolated user pairs may be minimized by providing digital transmission
paths to directly interconnect commmities of 16 kB/s CVSD subseribers.

The system designs for the U, S, Army System and the overall DoD
System include workable interoperability solutions. By managing the tran-
sition in an enlightened manner, the reliabiality of secure voice communi-
cations may be enhanced and the operational capability to satisfy new data
communications needlines may be increased. o -

Detaiied Conclusions. The detailed concluslons of the research
Tollow: |

1. Pairs of users which are connected by a circuit that includes
two links of CVSD-16 are potentially isolated. Such circuits should be
avoided,

2. The SNR performance of U, S. Army 4B kB/s PCM is sensitive to
input signal level. This fact is a consideration which affects the versa-

tility of employment of PCM-48 in tandem-link circuits in the transitional
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system of the 1980's,

3. The design for the U, S, Army tactical system of the 1980°s
is workable, and incorporates interoperability solutions which, if imple-
mented, will avoid the occurrence of isolated communities of users,

4, TFurther testing of the performance of tandem-link circuits
should be conducted to determine the utility of comnections which include
combinations of CVSD-16, CVSD-32, PCM-48, and analog links.

5 The transition of the 1980's should be plamned and imple-~
mented to minimize the occurrence of tandeming. Such an approach accom-
Plishes two positive results. Firsi, the variability of volce performance
is reduced, so the reliability of user service is enhanced., Second, to
maximize the fraction of user-pairs that may communicate on a direct 1ink
resulte in a significant increase in data communications capability.

6, The system designs of the various regions of the overall DoD
system are converging toward a common target. The target system 1is a
16 kB/s digital transmission and switching network which provides one-link
circuits ;uetween CVSD subscribers. Such a system contains no isolated
subscribers. Voice pexformance is reliable and direct data communications
is possible.

7. A viable axchitecture for DoD secure voice may be based on a
16 kB/s backbone system which provides direct-link circuits between CVSD
subscribers and which provides narrowband access by LFC vocoder users. In
such a system, circuits between similar subscribers (CVSD or LPC) are of
one link, whereas circults between dissimilar subscribers are two-link
ones. Further testing should be accomplished to verify that the LPC
vocoder to be fielded may operate successfully in tandem with CVSD-16.,

8. A method of secure volce conferencing should be adopted which

does not add an additional link in the circuit path. One such method is
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a push-to-talk (half-duplex with interrupt capabdility) approach with a
four-wire “one-to-many" digital switching matrix as the -conferencing
bridge,

9, The capacity of the transitional system of the 1980's to
satisfy new needlines will be enhanced by maximizing the number of user
palrs that may communicate on circuits of one 1link. 4

10. Any system proposal that would not permit one-link circuits
to traverse a system boundary should be carefuily considered in terms of
the communities of isolated users and the decreased abllity to satisfy

new needlines that would result,
RECOMMENDAT IONS

The following concise recommendatlons are offereds

(1) The occurrence of tandeming of voice links should be mini-
mized in the transitional system of the 1980's.

(2) Further testing should be accomplished to verify what tandem
comections of PCM-48, CVSD-32, CVSD-16, and LPC-2.4 deliver satisfactory
performance .

(3) Further testing should be accomplished to verify that the
narrowband digital voice technique selected for use in DoD (e.g., an LPC
vocoder) may operate successfully in tandem with CVSD-16.

(4) A method of secure voice conferencing should be adopted that
does not add an additional link in the circuit path.

(5) An objective system architecture for secure voice in the DoD
system should be adopted that is based upon a uniform 16 kB/s backbone

network which provides direct one-link circults to CVSD users and provides

access to narrowband users.
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SUMMARY

The research reported in this thesis examines some of the issues
involved in the transition of DoD communications systems to digital oper-
ation, The focus of the study is the performance of digital voice links
in series connections,

The transitional system of the 1980's will be a hybrid network in
which circuits will be composed of a variety of analog trunks and a mix-
ture of digital links which employ PCM-6l, PCM-48, CVSD-32, CVSD~16, and
LPC, Both CVSD~16 and LPC 1inks provide little performance margin for
additional impairments due to tandeming and noise., Thus, the system con-
Tiguration must minimize the occurrence of tandem links.,

Isolated pairs of subscribers will exist in the transitional sys-
tem if an excessive numbe; of tandenm links is necessary to establish con-
necting circuits., The design now in planning for the U, S, Army Systen
and for the overall DoD System is a coherent one which may avoid the .occur-
Trence of isolated user palrs. The overall system is converging toward a
uniform 16 kB/s digital network which provides one-link circuits between
CVSD subscribers. Such a uniform system offexrs reliable voice perfoxr-
mance and direct data communications capability.

To minimize the occurrence of tandeming of voice links in the
transitional system will maximize the reliability of secure voice rexfor-

mance,
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CHAPTER END NOTES

1. ‘These impairments are unpredictable to the extent that they
may not be controlled by the communication system manager. For example,
an analog junction link (at a "crossover" tandem point) that occurs with-
in the TTC-39 switch is "well controlled" and should add .5 dB or less
impairment to the circuit. At the other extreme, a wireline analog link
in the series path may contribute 3 dB or more additional impairment due
to level offset and noise, If the wireline trunk may be selected to com-

Plete the circuit path, then the impairment is beyond management.

2. Several issues of user acceptance of the communications ser-
vice relate to this discussion. One may speculate that circuits of 13 dB
SNR may gain user acceptance if such performance is reliable. In criti-
cal situations any useable circuit (however tenuous) may be a welcome

resource,

3. These phenomena are physically distributed and are beyond
orderly management. The phenomena include all sources of noise (thermal,
atmospheric, radio frequency interference (RFI), intermodulation, jamming,
power system hum, etc.), attenuation, and nonlinear effects on analog
links. Digital link performance is a function of the error rate (and
the distribution in time of the exrrors) -~which is itself a funétion of

noise, attenuation, and nonlinear effects.

4, For a discussion of the p.d.f., see George R. Cooper and

Clare D, McGillem, Methods of Signal and System Analysis (New York:

Holt, Rinehart, and ¥Winston, Inc., 1967), p. 283. The area under the
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curve is wiity, i.e,, f~ P(”) J/’z = 1 ‘

The probability that a circuit delivers SNR performance of atl lea.stv‘ dB

PLu>m] = j;:p(q) d7 .

Thus, the fraction of the area under the curve to the right of the

is given by

9¢ = 13 dB line is the probability that the circuit is "Suitable" or bet~
ter, (Similarly the fraction of the area to the left of J = 13 dB is

the probability that the circult is “Tenuous" or worse.)

5. An extensive program is undertaken periodically in the Bell
System to measure the statistics of various circuit impairments. Such
data is useful in estimating the relative performance of telephone ser-

vice,

6. In a perscnal communication on May 18, 1976, Mr. loren
Diedrichson of the TRI-TAC Office confirmed that engineering implementa-
tion is in progress to accomplish the “Dual-Rate" method of interoper-
ability between the tactical multichannel system (Region I of Figure 9)
and the MSA subsystem (Region II), the U. S. Navy 16 kB/s subsystem
(Region V), and the DCS (Region VI). Further, a digital mode of inter-
face for CNR users (Region III) is Tecommended in the “Externmal Interface®

planning document now being distributed by the TRI-TAC Office.

7. In a personal communication on May 18, 1976 Mr. Richard J.
Linhart of the Switching Branch, Equipment Division, Engineering Director-
ate of the TRI-TAC Office confirmed that an analog bridge is the current

design choice for the TTC-39 switch.

8., Issues of cryptosynchronization assoclated with this approach




are beyond the scope of the discussion,
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Table 1’
TRI-TAC Developments, Switching Subsystems

1.

AN/TTC~

This development is the heart of the Phase I architecture. It is
expected to use its hybrid nature and wiversality to bridge the

gap between the predominant analog inventory equipment and the dig-
ital devices now entering the inventory. It is full automatic,
under stored program processor control. The circuit switch is modu-
larly expandable from 300 to 2400 external lines. The message switch
has a 25 and 50 line configuration, The switches have the capabil~
ity for 100 percent security on digital loops and trunks. )

2,

COMSEC Module for AN/TTC-39

The COMSEC Module for the AN/TTC-39 will use electronic key distri-
bution, +to attempt to eliminate the high loglstics costs of haxd
copy keying material. It will incorporate ISI techniques to pro-
vide reliable low powered security for digital loops and trunks for
volce, data and other record commumications. It consists of Common
Equipment Facility racks with associated equipment, Trunk Encryption
Devices (TED), loop Key Generators (IXKG's) and AKDC, For the Static
Subscriber Subsystem Loop Group COMSEC a need exists to modify a TED
to permit "stand alone” operation. This effort is carried separately
as a Phase I Improvement program.




Table 2 At
TAI~TAC Developments, Static Suscriber Access Subsysten

1,

Manpack Unit Level Circult Switch

The switch will be designed to provide local service and se-
cure volce sexvice for subscribers who are physically located
in areas served by current analog switching facilities. It
will be an all-digital 15-1ine/? trunk portable circuit switch
designed to intexroperate with the other digital unit level cir-
cuit switches and the AN/TIC-39,

2,

AN/TTC~42 Unit Level Circuit Switches

The obJjective of this program is to develop 75 expandable to
150 1ine transportable circuit switch designed to‘'interoperate
With the other unit level circuit switches, the AN/TTC-39 and
the analog circuit switches which are in the current inventory.

3.

COMSEC Module for AN/TTC-42

The COMSEC Module for AN/TTIC-42 must be operationally compat-
ible with the TENLEY equipment. Interfacing of inventory COMSEC
would be done at the AN/TIC-39 or CNCE and not burden the ULS,

It will provide the encryption and key distribution facilities
needed to secure the digital loops and trunks terminated at the
AN/TTC~42. The R&D effort will result in modification to the
DSVT and in a COMSEC version usable for the 30-line ULS of latter

phases.

Unit Level Store-and-Forward Moedules

The modules should be able to be accessed on a switched circuilt,
digital loop basis via either a unit level digital circuit switch
or an AN/TTC-39 to provide message switched service at the unit
level. It should provide capability for sizes of 12 and 24 lines.

Se

Digitzl Subscriber Voice Terminal (DSVT)

This development will provide a digital telephone which will
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Table 2 (Continued)

interoperate with the digital side of the AN/TTC-39, It pro-
vides the capability to terminate a data adapter to serve non-

~voice terminal equipment and includes integrated encryption

equipment used to encrypt both signaling and traffic information.
Traffic inturmation is encrypted on an end-to-end basis with the
key varlavle changed on a call-by-call basis. Provision will be
made to provide capability for use of a DSVT on an extension tele-
phone basis,

6.

Modification of DSVT

The modified DVST will permit it to be used with the digttal unit
level switches and the mobile subscriber access terminal facilities.
It will include provisions for operation in a net variable, oper-
ation in a 16 kbps push-to-talk mode, clesr text ring signal and

a clear text traffic mode, It will reduce the amount of COMSEC
equipment which must be deployed with the digital level switches

as well as implement the 16 kbps half-duplex mobile subscriber
access subsystem.

7

Digital Non-Secure Voice Terminal (DNVT)

The DNVT is to be a telephone instrument optimized for non-secure

volce operation, It will interface directly with the TDMX of the

AN/TTC-39, the Digital Unit Level Switches and indirectly with the
DSVT via those switches, It will be provided with minimum essen-

tial service features to result in a low unit cost relative to

the DSVT,

Data Adapters

The Data Adapter will provide the full duplex digital interface
for data traffic dedicated into Store and Forward or circuit
awltched with a DSVT, through the AN/TTC-39, Both synchronous
and asynchronous traffic will be handled, The complex version
will offer greater capabilities with respect to error control and

modes~of-operation,

9

Dedicated lLoop Encryption Device (DIED)
The DLED will be a key generator vhich can be deployed in a dedicated
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mode tu encrypt traffic carried on a loop. It will interoperate
with the LKG's in the circuit switch COMSEC modules, the DSVT's

- deployed in conjunction with data adapters, and othexr DIED's, It
will operate at a variety of bit rates between 45 baud and 16/32
kbps., .

10

-

Tactical Digital Facsimile
(A /uxe-b( ) (v))

This development will provide for high speed secure transmission
and reception of low resolution black, white and limited gray scale
graphic material over a wideband (16/32 Kb/s) digital channel. It
interfaces with the Data Adapter/DSVT and DIED. It also can oper-
ate over narrowband (JkHz) circuits interfacing with existing mo-
dems and COMSEC equipment. Operator selections will inclwude data
rates of 2.4, 408' 906. 1600 and 3200 Kbps operation. >

11, Composition and Editing Device (COED)

The COED will provide assistance to users to assure that message
traffic is properly formatted and that header information is com-
Plete. The COED assemblage will be used for composing, editing,
displaying, and monitoring message traffic, It will interface
directly with the Data Adapter/DSVT and DIED. Messages can be
manually entered in its internal memory from a keyboard, dis-
Played for editing purposes, and then transmitted over a data
channel at rates up to 32 Kbps. o

12. loop Multiplexers

This family of loop multiplexers which will multiplex 4-wire,

full duplex, 32/16 kbps digital channels into serial bit inter-
laced groups and to demultiplex the groups into individual channels.
The family will include loop group multiplexers (IGM), remote loop
group multiplexers (RIGM) and remote multiplex combiners, (RMG).

13, Stand~Alone TED

Modification of the existing Trunk Encryption Device (TED) to
permit the device to be deployed in a stand-glone mode and to
achleve reductions in size, welght and power due to the reduced
LIOT (Th?

MV




Table 2 (Continued)

out put requirements. It must provide bulk encrypiion for digi-
tal groups of 8/16 or 9/18 channels provided by a Remote Multiplexer
Combiner o a digital Unit Level Switch.

14,

Digital Loop Repeater

A digital loop repeater is required to be used either singly or in
tandem to extend the transmission range of a single digital loop
beyond & knms, 4

1s.

Shipboard UHF/LOS Transmission Facilitles

This progra: involves a study and development of a multiple access/
discrete address transmission facility which could be employed for
communlications among ships traveling in a company and to provide
network access for ships not equipped with SHF satellite transmission
facilities, Transmission will be 16 kbps digital and secure sub-
scribexr terminal facilities will be designed to permit end-to-end
secure operation with DSVT's located elsewhere in the TRI-TAC land-
based or naval systems.
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Table 3 -
TRI-TAC Developments, Mobile Subscriber Access Subsysten

1. Basic Net Radio Interface Module
This module will be used in conjunction with an analog switch to
provide single channel switched system access for secure net radio
users. It will include an operator control panel, a wire termina-
tlon unlt, a radio receiver/transmitter control unit which will be
equipped with up to four different interface control devices, and
2 non-secure warning tone generator,

2. Expanded Net Radio Interface Module

This module will be used in conjunction with digital loop facili-
ties of the AN/TTC-39 or digital unit level switchboaxrds to pro-
vide single channel switched access for secure net radio users. It
will include an operator-control panel, a modified DSTV, and a ra-
dio receiver/transmitter which can be equipped with up to five dif-
ferent interface control devices.

3« _Special Purpose Net Radio Interface Module

This module can be used in conjunction with digital loop facilities
of the AN/TTC-39 or digital unit level switchboards to provide sin- -
gle channel switched access, on a BLACK interface basls, for secure
net radio users. It will include an operator control panel, an auto~
mated radio receiver/transmitter control unit, a manual R/T override,
voice processing and crypto unit, and a wire line termination unit,
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151-TaC Developments Trunk
' Transmi
{Surface) Subsysten sslon

1. Tactical Digital Tropo, AN/GRC-XXx

This famlly of tactical tropo terminals u ' '
channels (32 Kbps channel rate) and will igr:::(,ﬁo:::e#u{ :g ;20
GHz band for ranges up to 200 miles, They will operate e;.ther i!.l
a LOS mode or in a Tropo mode, Secure digital EQW, BITE, inter-
leaving equipment, and circuit quality monitoring capa‘biiities
will be incorporated, The three sets in the family, light, med-
jum and heavy Tropo will provide between 1 Kw to 20 Kw out;mt
‘power, Set 1 (large) has 200 mile renge, is the most capable
family member and welghs less than 6500 1bs. Set 2 (medium) has
200 mile range, and weighs less than 5000 lbs. Set 3 (small) has
10S/Tropo range of 100 miles and weighs less than 3600 Ilbs.

2. Tropo Modenm

The Tropo Modem must accommodate up to 32 chanmnels (32 Kbps chan-

nel rate) to permit the AN/GRC-143 and AN/TRC-97 Tropo terminals

to interoperate with each other and with the new AN/GRC-XXX Tropo
. terminals. The Modem will include the interleaving equipnent needed

to assure transmission performance which is consistent with that

specified in the TRI-TAC error budget.

3. Modification of AN/TRC-97 Using AN/TCC-72 Components

The AN/TRC-97, which is in the Marine Corps and Air Foxce invent-
ories, will be modified to improve near term interservice interop-
erability. The modification will accommodate the multiplexing,
combining, and line encryption eguipment of the Army FCM syszer;
(AN/TCC-72) to provide a 1152 Kbps digital transmission 0211;7 G;C:
ity. It will provide for interoperability with the Armgi /G

143 and for trunking compatibility with the analog and dig al
matrix of the AN/TTC-39., The 1152 Kbps capacity will g;;;mm ;63
24 channels PCM/TDM, 30 channels of mixed PCM/TDM and bgiin
channels CVSD. It will also provide for pre-detectionicomfi urgl
increased power supply stability, improved receiver noise fig

and operation with 60 Hz and 400 kg prime power.

) . b, Modification of AN/GRC-103
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The exlisting radio assemblage will be modified to be compatible
with the conditioned diphase interface with the Digital Group
multiplexers and the AN/TTC-39, The addition of provisions to
facilitate remote reporting and -equipment status information to
an associated CRCE will also be provided. These modifications
will provide for Phase 1 use of the inventory AN/GRC-103 radios
where they are either collocated or separated up to 2 miles from
the switch or assoclated CNCE. The modified assemblage will sat-

1sfy the 36 channel, low capacity (32 Kbps chamel rate) digital
trunking reugirements of Phase I,

iu4
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Table 5
TRI-TAC Developrents, Trunk
Transmission (Space) Subsystem

1,

TRI-TAC Small/Intermediate/large Satellite Terminals

The effort consists of modifying existing satellite terminals to
provide the characteristics and network flexibility called for in
the system architecture. The modifications involve reconfiguration
of assemblages and modification of modems, combiners/decombirers,
and additlon of buffers to accommodate a variety of digital trunk
groups used in TRI-TAC and to appropriately interface with the
synchronous TRI-TAC switching and control facilities., The systenm
architecture calls for development of a small, intermediate (HUB),
intermediate (SPOKE), intermediate (MESH), and a larger terminal
for Phase I earth terminals. All except the large terminal will
employ 8 ft, antemnas,

2,

TRI-TAC Control Terminal

This modification to current Army Satellite Tactical Control Ter-
minals would permit them to be integrated into the TRI-TAC Communi-
catlons Control architecture through provisions for expanded I/0
interface equipment to interface operator personnel with the control
subsystem. It will also provide for secure orderwire entry into
each terminal. -

3.

Digital Combiner/Decombiner
_ SPOKE/HUB

This equipment will handle 2, 3, or 4 AN/TTC-39 Trunk Groups and
provide the flexibility needed to handle a mix of different groups
required for optimizing system conmnectivity. In addition to pro-
viding the normal tactical satellite signal processing functions, it
will perform the group buffering required for compensation of satel-
lite movement. The combiner/decombiner will be integrated into the
control communications terminal.

4., Orderwire Modem (Terminal Comm/Control)

This equipment will provide the functions associated with distrib-
uting satellite system control data between the communications termi-
nals and the control terminal, It will be developed with the control
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Table 5 (Continued)

terminal ordexwire modem. The orderwire modems developed will be
integrated into the control communications terminals,

5

Orderwire Security Device

It will likely be a modified available security device, tailored to
fit the system oxrderwire concept, A device is needed to encrypt the
orderwire transmission for both the control terminal and the satel-
lite ternminals themselves. The device will be integrated into the
communications and control terminals.

6.

Universal Synchronous Multiplexer (USM)

This famlly of equipments will assure efficient usage of available
satellite capacity at those locations where analog or mixed analog
and digital traffic must be handled and access to an AN/TTC-39 or
Unit Level Switchboard is not available. It will provide for con-
version of 4 kHz analog channels to 32 Kbps digital chamnels and
for multiplexing these chamnels into standard TRI-TAC digital groups
of size 4-1/2, 9, or 18 channels. Analog/digital trunk groups in
excess of 18 channels will be accommodated by combining the outputs
of a number of USM’s into a supergroup using a member of the DGM
family. The USM will be integrated into the small terminal and se-
lected CNCE's.

7

SHF - Manual Trunk Channel Control Facilities

The use of FDMA Quring Phase I will require coordination of tacti-
cal accesses and frequency assignments, uplink power control, co-
ordination with other non-tactical satellite accesses, Each con-
trol facllity and each terminal operator will be able to initiate
and coordinate the set-up of any temporary or extended period point-
to-point and net radio circuit,
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Table 6 L4
TRI-TAC Developments, Communications Control Subsystem

1.

Communications Nodal Control Element
_(cncE) (AN/Tsg-111 () (V)

The CNCE will provide the processing capabilities to perform nodal
functions, It will provide group patching, monitoring and test ca-
pabilities, VDU/Keyboam/printer I/0 and display devices. It must
provide for interfaces with external systems and transitional equip-
ments The CNCE configurations will include existing equipment as
well as equipment that is being developed under the TRI-TAC Progranm.
Each CNCE will be implemented and equipped modularly to xespond to
the specific nodal environments in Phase I (e.g., expansion change
in mix ratio). Type I is predominantly analog, processor equipped,
two shelters, one of whi~h is a management shelter. Type II is pre-
dominantly digital, processor equipped, iwo sheltexs, one of which
is management shelter, Type III - Equal amounts of analog and digi-
tal, processor equipped, one shelter, non-expandable, Type IV - All
digital, no internal processor but able to access remote processor,
technical control capability, one S-250 type shelter. The CNCE, in
conjunction with the CSCE and CSFE, will provide increased control
capabilities and a near-real-time technical management capability.
The CNCE will provide management and technical nodal contxrol facil-
lties to assign, monitor, control and manage resouxces and provide
the interface between transmission facilities and users of the sys-~
tem,

2,

Trunk Group Multiplex (TGM)

The TGM will synchronously combine/decombine 2, 3 or 4 group inputs
into and from a supergroup of maximum bit rate 4096 Kbps. The group
inputs will be of the same family of group bit rates, It will be
used in conjunction with the IGM, MGM, TED and TD-660 multiplexer.
The TGM will be used in both shelters and vans and will be mounted
in an equipment case.

3.

Master Group Multiplexer (MGM)

The MGM will combine/decombine up to 12 synchxonous or asynchronous
groups or supergroups. It will be deployed in conjunction with the
CNCE AN/TSQ-111 and with remote ratio extension facilities, Tt will
accept bit rates from 0.072 to 4.9152 mbps with output master group
bit rates of 9,360 and 18,720 mbps. The ¥GM will have provision for
two orderwire channels, each capable of operating at 16 or 32 kbps
(s:i;;ll;able). The MGM will be used in conjunction with the IGM, TGM,
an .
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Communications System Control Element

_(csce) (aN/ryg-16 () (v))

Each CSCE will consist of persomnel, information processing capa-
bilitles, displays and associated facilities to perform assigned
monitoring and control functions, CSCE will be able to interface
with the AN/TTC~39 on a linited automatic bdasis, and other invent-
ory switches (e.g, TTC~30) on a manual basis. This program together
with the CNCE and CSFE elements will provide a total integrated con-
cept for near real time management functions., The CSCE will provide
real time monitoring and data base maintenance of communications
network status and near real time control over the allocation and
use of resowrces within a portion of a deployed tactical network.
Advanced development models of processor equipped CSCES will be
developed in Phase I, which will supplement current manual control
functions,

S

Communications System Planning Element (CSPE)

The CSPE will provide support for maintaining a file of available
resources, collecting, storing and updating communications require-
ments, issuing taskings, monitoring progress in implementation and
testing and monitoring overall system performance. The other CSHE
functions will be accomplished through normal staff action, during
Phase I, The processor at the CSCE will be used for information
storage and retrieval.

6.

Short Range Wideband Radio

This 10S multichannel radio will be used for various intrabase ang
down~the~hill employments serving as a network extension facility
replacing the requirement for extensive cable sexvice. This will
be accomplished through modifications to the existing AN/GRC-199
radlo in the AN/GSQ-119 assemblage and the AN/GRC-14k4 in the AN/-
TRC-138 assemblage, Inc modified assenmblages will provide full
duplex, multichannel links with full electric compatibility in the
14.4-15 GHz frequency range, They provide capacity for digital
traffic up to 20 Mbps over paths up to 8 Km, and 10 Mbps over paths
up to 24 Km,
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Table 7
TRI-TAC Developments, External
Interface Subsystem

thg

1.

AUTOSEVOCOM/ULSB_Interface Facility

The facility will consist of a DSVT and necessary controls which
will provide a 32 Kbps operator controlled DCS interface with loops
from either a AN/TTC-39 or a ULSB. This will provide DSVT subscri-
ber direct access through the ULSB on a manual basis, through an
AUTOSEVOCOM switch where this facility would be located.

2.

NICS[NATO Interface Assemblage

An interface shelter assemblage 1s required for the NICS/NATO in-
terface., The NICS/NATO Interface is expected to be automatic,
circuit switched and employing the Standard NATO analog electrical
and signaling interface parameters. A modified assemblage is re-
quired for use when the NATO interface point is not collocated with
the US tactical gateway switch. It will provide the conversion of
the standaxd NATO interface control signals into corresponding US
control signals which would then be passed on via the US interface
radio transmission link to the AN/TTC-39.
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